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Chapter I 
ANTIGEN-INDUCED ARTHRITIS: 
IMMUNE STATUS, ANTIGEN HANDLING AND INFLAMMATION 
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Table I: Histopatholojícal and imnvnopathological similarities 
ir antijen-indue ed arthritis (AIA) and the rheumatoid 
arthritis (RA) joint. 
HistopathoTogical features 1 '2,3 
lining cell hyperplasia and hypertrophy 
perivascular lymphocytes 
diffuse plasma cell infiltration 
follicular aggregations of lymphocytes 
pannus formation 
erosi ons 
AIA RA 
Immunopathological features 
local antibody production 
immune complexes in synovial fluid 
immune complexes in phagocytic cells 
immune complexes in articular cartilage 
anti gen-
speci fi с 
+ 6 
+ 8 
+ 10 
rheumatoi d^ 
factor 
+ 7 
+ 9 
+ 11 
References: 1. Glynn, 1968 
2. Steinberg et al., 1973 
3. Gall and Gall, 1980 
4. Cooke and Jasin, 1972a 
5. Smiley, Sachs and Ziff, 196É 
6. Hasselbacher et al., 1980 
7. Hasselbacher, 1979 
8. Belovic and Kinsella, 1973 
9. Hollander et al., 1965 
10. Cooke et al., 1972b 
11. Cooke et al. , 1975 
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1.1 INTRODUCTION 
Antigen-induced arthritis (AIA) is a form of experimental arthri-
tis induced by a single intra-arti cul ar injection of a sufficient 
amount of antigen in properly immunized animals (Gonsden, Doble, 
Glynn and Nind, 1971; Page-Thomas, 1977). It is characterized by 
an initial Arthus-typeof inflammation, followed by a chronic type 
of inflammation (Dumonde and Glynn, 1962; Steinberg, McCrae, Co-
hen and Schumacher, 1973; Gall and Gall, 1980). Species used for 
induction of AIA have included rabbits (Dumonde and Glynn, 1962), 
guinea-pigs (Loewi, 1968), chicken (Dumonde, Jones, Kelly and 
Oates, 1977) and, recently,mice (Brackertz, Mitchell and MacKay, 
1977a). An advantage of the 1 astmentioned species is that, be-
cause inbred strains are available, the model can be better stan-
dardized. AIA has been widely used as a model for human rheuma-
toid arthritis (RA), not only for its chronicity, but also for 
its histopathological and immunopathological similarities with 
the latter disease (Table I ) . In contrast to these wellknown 
features of AIA, relatively little is known about the mechanisms 
which determine the type, severity and duration of inflammation 
in this type of arthritis. Factors of relevance to these mecha-
nisms can be categorized as follows: 
a. factors determining the host reaction against the antigen. 
Most important in this respect are, of course, immunization pro-
cedures and resulting immune status, but other factors such as 
sex, hormonal status, etc. may also play a role. 
b. factors related to the intra-articularly injected antigen, 
e.g. dose, physicochemical properties, rate of elimination from 
the joint. In addition, joint inflammation and antigen leakage 
from the joint may in turn exert an influence on the general 
immune status. Moreover, (chronic) inflammation may induce auto-
immunity (Phillips, Kaklamanis and Glynn, 1966). 
These two groups of factors will be briefly discussed in the fol-
lowing subsections (subsections 1.2 and 1.3). Since most studies 
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on AIA heavily depend on the methods used to detect and charac-
terize joint inflammation, we will discuss these methods brief-
ly (subsection 1.4). Thereafter the aim of the study will be de-
fined (subsection 1.5). 
1.2 IMMUNIZATION AND IMMUNE STATUS 
Apart from immunization procedures and antigen properties, immune 
responses depend on genetically determined host factors. Menard 
and Dion (1975) have suggested that genetic factors determine 
delayed-type hypersensitivity in the rabbit, and hence the ex-
pression of AIA. In mice it has been shown that different strains 
differ in their susceptibility to develop AIA (Brackertz et al., 
1977a). Crosses and back-crosses between susceptible and unsu-
sceptible strains indicated that susceptibility was inherited 
as a dominant trait, coded for a limited number of genes, per-
haps only two (Brackertz et al., 1977a; Brackertz, Mitchell, 
Vadas, MacKay and Miller, 1977b). The susceptibility was appa-
rently T-cell-, but not antibody-, dependent (Brackertz et al., 
1977b). 
Immunization procedures are generally carried out using emul-
sions of the antigen and Freund's incomplete (FIA) or complete 
(FCA) adjuvant, a method known to intensify the antigenicity of 
the antigen and the resulting immune response (Freund, 1956; 
White, Coons and Connolly, 1955). Immunization with FIA gives 
predominantly a humoral immune response, whereas that with FCA 
leads to both humoral and cellular immune reactivity (Glynn, 
1968; Audibert, Chédid, Lefrancier and Choay, 1976). Of additio-
nal value for the immune response is the route of injection of 
the antigen emulsified in FCA. Subcutaneous and intramuscular in-
jections in rabbits evoke high antibody titres and weak delayed-
type hypersensitivity, whereas intracutaneous and foot pad im-
munizations give rise to strong delayed-type hypersensitivity 
and lower antibody titres (Leskowitz and Waksman, 1960). The pre-
sence of mere humoral immunity is insufficient to induce AIA; 
after i.a. injection of the antigen only transient arthritis de-
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velops (Glynn, 1 9 6 8 ) . In this case no correlation could be demon-
strated between the humoral response and the arthritis (Menard 
and Dion, 1 9 7 5 ) . Several observations indicate that eel 1-mediated 
immunity is a prerequisite for the establishment of AIA. AIA can 
only be induced after immunization with the antigen in FCA (Du-
monde and Glynn, 1 9 6 2 ) . In rabbits, immunized in this way, a 
strong correlation between skin test reactivity and the degree 
of synovitis was demonstrated (Menard and Dion, 1 9 7 5 ) . In addi-
tion, experiments in bursectomized and thymectomized chicken 
showed that AIA could be induced after bursectomy but not after 
thymectomy (Dumonde et al., 1 9 7 7 ) . The authors conclude, however, 
that for a full expression of AIA both humoral and eel 1-mediated 
immune responses are needed. The role of cellular immunity in 
the induction of AIA is further stressed by Loewi's elegant ex-
periments in guinea-pigs (Loewi, 1 9 6 8 ) . Immune deviation, giving 
a diminished delayed hypersensitivity response, also gave dimi-
nished synovial inflammation when compared with undeviated con-
trol animals. Experimental transfer of peritoneal exudate cells 
and pooled immune serum to non-immune animals showed only trans-
ient synovitis after i.a. injection of antigen. Transfer of both 
cells and serum gave rise to particularly severe reactions. 
Stronger evidence for the definite role of immune T-cells in AIA 
was obtained by transfer experiments in mice (Brackertz, M i t c h e l l , 
Vadas and MacKay, 1 9 7 7 c ) . In these studies chronic arthritis 
could be induced after transfer of immune lymphoid cells in mice 
susceptible to AIA, whereas only minor arthritis changes were 
found after injecting immune serum. Strong evidence was found 
for T-cel1 dependency of the susceptibility to AIA in mice. Fi-
nally, the suppression of eel 1-mediated immunity in rabbits by 
anti lymphocyte serum prevented induction of AIA (Goldberg, Lance 
and Davis, 1 9 7 4 ) . Little is known about the contribution of hu-
moral immunity to inflammation expression in the presence of ade-
quate delayed-type hypersensitivity. The data of Cooke and Jasin 
(1972) showed that in this situation serum antibody titres corre-
late with the severity of arthritis as determined by histology. 
Recently, an important role for eel 1-mediated immunity in human 
13 
RA has been postulated on the basis of the observation that lym­
phocytes in rheumatoid synovitis are predominantly T-cells (van 
Boxel and Paget, 1975; Meyer, van de Putte, Eulderink, Kleinjan, 
Lafeber and Bots, 1977) and that thoracic duct drainage has a 
favourable effect on rheumatoid disease activity (Pearson, Pau­
lus and Machleder, 1975). The protracted course of AIA has been 
thought by some investigators (Cooke and Jasin, 1972a; Hollister 
and Mannik, 1974) to result from antigen persistence in the joint, 
especially in the avascular and hypovascular joint structures, in 
the presence of delayed-type hypersensitivity to the antigen. In­
creased antigen retention was demonstrated in the joints of ani­
mals immunized with FCA (Consden et al., 1971; Webb, Ford and 
Glynn, 1971; Cooke et al., 1972a; Hollister and Mannik, 1974; 
Jasin, 1975; Menard and Dion, 1976) and FIA (Consden et al., 
1971; Fox and Glynn, 1975; Menard and Dion, 1976) containing the 
antigen, as compared with non-immune animals. In contrast to its 
undefined role in the expression of inflammation of AIA, several 
observations indicate that humoral immunity plays a definite role 
in the long-term retention of i.a. injected antigen. Cooke, Hurd, 
Ziff and Jasin (1972b) showed that prolonged retained i.a. anti­
gen in FCA-immunized rabbits was preferentially located in avas­
cular and hypovascular articular structures such as menisci, hya­
line cartilage and ligaments, in the form of immune complexes. A 
number of observations have since indicated that, so far as im­
mune mechanisms are concerned, humoral immunity against the an­
tigen is the most important, if not the sole determinant of the 
phenomenon. Intra-articui ar (Hollister and Mannik, 1974) and sys­
temic (Jasin, 1975) administration of specific antibody resulted 
in enhanced retention of subsequently i.a. injected antigen. More­
over, in vitro .(Jasiη, 1975; Teuscher and Donaldson, 1979) and 
in vivo (Cooke et al., 1972b) experiments have shown that anti­
bodies are able to penetrate the superficial layers of cartilage, 
resulting in increased antigen trapping by immune complex forma­
tion within the cartilage. In vitro (Teuscher and Donaldson, 
1979) and in vivo (Hollister and Mannik, 1974) studies have in­
dicated that the latter mechanism is much more effective than 
the uptake of preformed immune complexes by cartilage and other 
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collagenous tissues. Since the presence of humoral immunity 
against the antigen is apparently the most important determinant 
of antigen retention, one would expect a correlation between 
specific antibody titre and local antigen retention in the joint. 
However, data obtained by Hollister and Mannik (1974) failed to 
substantiate this expectation. Little is known about the rela-
tive importance of various (sub)classes of antibodies with re-
spect to intra-articui ar antigen trapping. Recently, Phipps et 
al. (Phipps, Mitchell, Mandel and Tew, 1980) have shown that, 
in mice, IgGl is the most important antibody for retention of 
antigen in connective tissues. 
No data are yet available on the influence of (the degree of) 
delayed-type hypersensitivity on antigen retention. The presence 
of acute inflammation in the joint has been considered as another 
possible determinant of enhanced antigen retention (Cooke and 
Richter, 1974), but no convincing evidence of its definite role 
has so far been found (Jasin, 1975; Cooke and Richter, 1975). 
1.3 THE EFFECT OF DOSE OF I.A. ANTIGEN ON AIA; THE FATE OF I.A. 
ANTIGEN 
A phlogistic role of the antigen retained in avascular and hypo-
vascular articular structures in AIA, is suggested by the follo-
wing reports. Webb et al. (1971) demonstrated the occurrence 
of a low-grade joint inflammation in formerly normal joints with 
retained antigen after subsequent immunization with FCA contai-
ning the antigen. Currey et al. (Currey, Moore and Prentice, 
1970) showed a recurrence of AIA 4 weeks after surgical synovec-
tomy. Finally, the development of a chronic inflammatory capsule 
was seen around meni sci contai ning antigen-antibody complexes, 
after surgical insertion into the suprapatellar pouches of rab-
bits previously immunized with the antigen (Jasin and Cooke, 
1978). A similar phenomenon was not found in non-immunized rab-
bits. 
Few data exist on the effect of a dose of i.a. antigen on the re-
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suiting severity of AIA. Gonsden et al. (1971) showed that, in 
oval bumi η-immuni zed rabbits, only i.a. doses of more than 10 \ig 
of the antigen resulted in at least histological signs of in­
flammation of the synovial membrane. In addition, studies on the 
effect of varying doses of i.a. antigen injected repeatedly at 
short intervals on the resulting joint inflammation suggest that, 
in the dose range studied, the largest doses of i.a. antigen are 
associated with the most severe inflammatory phenomena and joint 
destruction (Goldlust, Rich and Brown, 1 9 7 8 ) . Dose response stu­
dies on the effect of varying single doses of i.a. antigen on 
the severity of AIA have not been published, probably because 
they are hampered by the great interindividual variation in im­
mune and inflammatory responses in outbred species such as rab­
bits (Menard and Dion, 1975) and also by methodological diffi­
culties in quantitation of joint inf1anmation. It should be 
stressed, as mentioned before, that the animal's immune respon­
siveness is also an important factor determining inflammation; 
and Page-Thomas (1977) suggests that, the better the cell-media­
ted immunity, the less i.a. antigen is needed for arthritis in­
duction, and vice versa. 
Curves obtained by sequential counting of i.a. radiolabelled an­
tigen show that long-term antigen retention is greater in immuni­
zed than in non-immuni zed rabbits (Cooke et al., 1 9 7 2 a ) . Kinetics 
of i.a. antigen in immunized animals seem to be determined by 
two groups of factors, i.e. factors determining antigen retention 
and factors leading to elimination of antigen from the joint. 
Studies on the fate of antigen after i.a. injection have only 
been done with dissected joint structures and synovial fluid 
cells. No studies have been reported on the localization of an­
tigen in the various articular structures in whole joint sections, 
probably because of technical difficulties in the preparation of 
such sections for immunofluorescence and autoradiography. Long-
term retention of the antigen, apparently in the form of immune 
complexes, has been shown to occur predominantly in the avascular 
and hypovascular structures of the joint, i.e. menisci, hyaline 
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cartilage and ligaments (Cooke et al., 1972b, Hollister and Man-
m k , 1974; Ohno, Tateishi and Cooke, 1978, Hassel bâcher, Nacht, 
Labosky and Steinberg, 1980). 
Elimination of antigen ultimately occurs via the synovial mem-
brane vasculature and lymphatics (Bauer, Short and Bennett,1933, 
Adkins and Davies, 1940, M i t m c k , Hoffstein and Weissmann, 1978) 
In the very early phase after i.a injection when no inflammation 
yet exists, part of the large amount of antigen may rapidly dif-
fuse into the synovium, being perivascular1 y complexed with anti-
body (DeShazo, Henson and Cochrane, 1972, Hollister, Liang and 
M a n m k , 1973; Hasselbacher et al , 1980), or in free form reach 
the blood and the lymph. The immune complexes formed within the 
synovial membrane promptly initiate an acute Arthus reaction 
(Klinge, 1929) resulting in attraction of polymorphonuclear cells 
and leakage of large amounts of antibodies through the synovial 
blood vessels with increased permeability (DeShazo et al , 1972) 
The remaining amount of antigen in the joint will be bound by ex-
travascular antibodies and processed by inflammatory infiltrate 
and exudate cells. Thus, antigen has been demonstrated in syno-
vial fluid exudate cells (Belovic and Kinsella, 1973; Hollister 
et al , 1973; Hasselbacher et al., 1980) synovial lining cells 
(Hollister et al., 1973, Doble, Dorling, Glynn, Webb and Wilcox 
1973; Hasselbacher et al , 1980; Gali and Gali, 1980) and sub-
synovial tissue (Gall and Gall, 1980; Hasselbacher et al., 1980) 
How the initially phagocytized antigen is ultimately removed 
from the joint is not yet known. 
1 4 DETERMINATION OF TYPE, SEVERITY AND DURATION OF ARTHRITIS 
Methods to detect joint inflammation in test animals include two 
categories. The first category comprises the assessments that can 
be carried out only once, i.e. after sacrificing the a m m a l The 
method mostly employed is histological evaluation of joint in-
flammation to determine the type of inflammation, the severity 
of the process can at best be judged only semiquantitatively in 
this way. Quantitation of joint inflammation has been reported 
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by Sona-Herrera (1973) using counts (registered by an automati 
gammaspectrometer) in joints dissected from animals that had re 
ceived rad ιolabel 1 ed albumin intravenously The second category 
of methods includes techniques that can be used for sequential 
evaluation of arthritis The simplest technique is to determine 
knee width with calipers (Blackham, Farmer, Radziwomk and West 
wick, 1974, Blackham and Pugh, 1977a, Blackham and Radziwomk, 
1977b, Davis, 1971, Fox and Glynn, 1977, Goldlust, Rich and Har 
rity, 1977, Goldlust et al , 1978, Washburn, Cole, Gelman and 
Ward, 1980, Hunneyball, Stewart and Stanworth, 1979) and to mea 
sure local temperature and joint mobility (Blackham, 1978) An­
other technique is to determine exudate cell counts after punc­
ture and lavage of the synovial cavity of the arthritic joint 
(DeShazo et al , 1972, Bjursten, Bagge and Ahlstedt, 1981) Fi­
nally, thermography has been used in the detection and quantità 
tion of experimental arthritis (Phillips and Page-Thomas, 1979) 
Recently, in analogy with developments in clinical rheumatology 
radio-isotope methods have been used for quantitation of joint 
inflammation, including 59 mTechnetι urn pertechnetate (99my C04) 
(Hays and Green, 1972, Sholkoff, Glickman, Schachter and Rowlan 
1969, Rosenspire, Blau, Kennedy and Green, 1981) and -disphos-
phonate scans (Rosenspire et al , 1981) and ^^ mTc04 uptake meas 
rements (Sholkoff et al , 1969, Berry, Browett, Huskisson, Baco 
and Willoughby, 1973) The 1astmentioned study, however, was 
not primarily concerned with factors influencing ^^mTcO^ uptake 
measurements and with the reproducibility of this method in the 
test animals There is as yet no exact information on which as­
pects of inflammation are measured with these techniques, al­
though it has been stated that increased synovial blood flow 
(Alarcon-Segovia, Trujeques, Tovar and Adame, 1967; Hays and 
Green, 1972, McCa>-ty et al , 1970, Whaley, Pack, Boyle, Dick, 
D o w m e , Buchanan and Gillespie, 1968, Oka, Rekonen, Ruotsi , 
1970) and exudation (McCarty et al , 1970) are important deter-
minants 
1.5 AIMS OF THE PRESENT STUDIES 
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Studies on experimental arthritis require use of a sensitive 
method to detect and quantitate joint inflammation. At the start 
of the present study no such method was available. Since the ^"m 
TCO4 uptake method has proven its value in clinical rheumatology, 
we have applied and standardized this method for the rabbit knee-
joint (Chapter II). In addition, kinetics of the radioisotope 
were studied in inflamed and non-inflamed rabbit knee-joints 
(Chapter III). The effect of different doses of i.a. antigen on 
the severity of AIA was studied in Chapter IV, using the newly 
developed radioisotope inflammation measurement. In addition, the 
handling of radiolabelled antigen in these experiments will be 
discussed. The second part of the thesis will deal with further 
studies on the fate of i.a. injected antigen. 
The clinical course of rheumatoid arthritis, of which AIA is at 
present the most satisfactory animal model, is often characte-
rized by exacerbations of chronic joint inflammation. If antigen 
handling of the joint is an important determinant of the course 
of chronic arthritis, then it would be relevant to know how i.a. 
antigen is handled not only in the early phase of arthritis, as 
has been studied, but also in a continuing chronic joint inflam-
mation. In Chapter V we report on studies of kinetics of antigen 
injected into a joint with antigen-induced chronic inflammation 
as compared with kinetics of i.a. antigen after a first arthri-
tis-inducing injection. 
Data on the localization of antigen in the joint at various times 
after i.a. injection have been obtained only in dissected, selec-
ted joint structures, and are therefore incomplete. The recent de-
velopment of AIA in mice has enabled us to make whole-joint sec-
tions, thus providing a survey of antigen localization in both 
arthritic and non-arthritic joints (Chapter VI). Most studies in 
AIA have so far been concerned with the role of i.a. antigen in 
induction of inflammation. However, the reverse (i.e. an influ-
ence of inflammation on antigen handling)is a real possibility. 
In Chapter VII we present arguments in support of this hypothe-
sis. 
19 
REFERENCES 
Alarcon-Segovia , D., Trujeques, M., Tovar, E. and Adame, M.A. 
(1967). The clinical applications of scintillation scanning of 
joints with techneti um-99ni. In. Proceedings of the Fourth Pan 
American Congress of Rheumatology, Mexico-City, p. 165. Exerpta 
Medica, International Congress Series, Amsterdam. 
Adkins, E.W.D. and Davies, D.V. (1940). Absorption from the joint 
cavity. Quart. J. Exp. Physiol. 30, 147. 
Audibert, F., Chédid L., Lefrancier, P. and Choay, J. (1976). 
Distinctive adjuvanticy of synthetic analogs of mycobacterial 
water soluble components. Cellular Immunology 21, 243. 
Bauer, W., Short, C.L. and Bennett, G.A. (1933). The manner of 
removal of proteins from normal joints. J. Exp. Med. 57, 419. 
Belovic, B. and Kinsella, T.D. (1973). Immunof1uorescent demon-
stration of an intra-articui ar antigen-antibody complex in expe-
rimental arthritis of the guinea-pig. Ann. Rheum Dis. 32, 167. 
Berry, H., Browett, J.P., Huskisson, E.C., Bacon, P.A. and Wi1-
loughby, D.A. (1973). Measurement of inflammation. 1. Application 
of technetium clearance to rheumatoid arthritis and animal models, 
Ann. Rheum. Dis. 32, 95 
Bjursten, L.M., Bagge, U. and Ahlstedt, S. (1981). Joint inflam-
mation in rabbits induced by preformed immune complexes. Int. 
Archs. Allergy appi. Immun. 64, 67. 
Blackham, Α., Farmer, J.B., R a d z i w o m k , H. and Westwick, J. 
(1974). The role of prostaglandins in rabbit monoarticular ar­
thritis. Br. J. Pharmac. 51, 35. 
Blackham, Α., Pugh , J. (1977a). Measuring device for recording 
joint swelling: Possible research and clinical applications. 
20 
Agents Actions 7, 493. 
Blackham, Α., Radziwom'k, H. (1977b). The effect of drugs in es­
tablished rabbit monoarticular arthritis. Agents Actions 7, 473. 
Blackham, A. (1978). Evaluation of antirheumatic drugs using 
anti gen-induced arthritis. In: Recognition of antirheumatic 
drugs (Ed. by D.C. Dumonde and M.K. Jasani) p. 137. MTP Press 
Limited St. Leonard's House, Lancaster. 
Boxel, J.A. van and Paget, S.A. (1975). Predominantly T-cell in­
filtrate in rheumatoid synovial membranes. N. Engl. J. Med. 293, 
517. 
Brackertz, D., Mitchell, G.F. and Mackay, I.R. (1977a). Antigen-
induced arthritis in mice. I. Induction of arthritis in various 
strains of mice. Arthritis Rheum. 20, 841. 
Brackertz, D., Mitchell, G.F., Vadas , M.A., Mackay, I.R. and 
Miller J.F.A.P. (1977b). Studies on antigen-induced arthritis in 
mice. II. Immunologic correlates of arthritis susceptibility in 
mice. J. Immunol. 118, 1639. 
Brackertz, D., Mitchell, G.F., Vadas, M.A. and Mackay, I.R. 
(1977c). Studies on ant i gen-induced arthritis in mice. III. Cell 
and serum transfer experiments. J. Immunol. 118, 1645. 
Consden, R., Doble, Α., Glynn, L.E. and Nind, A.P. (1971). Pro­
duction of a chronic arthritis with ovalbumin. Its retention in 
the rabbit knee-joint. Ann. Rheum. Dis. 30, 307. 
Cooke, T.D. and Jasin H.E. (1972a). The pathogenesis of chronic 
inflammation in experimental antigen-induced arthritis. I. The 
role of antigen on the local immune response. Arthritis Rheum. 
15, 327. 
Cooke, T.D., Hurd, E.R., Ziff, M. and Jasin, H.E. (1972b). The 
21 
pathogenesis of c h r o m e inflammation in experimental antigen-
induced arthritis. II. Preferential localization of antigen-an­
tibody complexes to collagenous tissues. J. Exp. Med. 135, 323. 
Cooke, T.D. and Richter, S.M. (1974). Pathogenesis of c h r o m e 
inflammation in experimental antigen-induced arthritis. III. 
Influence of immune state and local inflammatory response on 
early localization of antigen to articular collagenous tissues. 
J. Rheumatol. 1, 143. 
Cooke, T.D., Hurd, E.R., Jasin, H.E., Bienenstock, J. and Ziff, 
M. (1975a). Identification of immunoglobulins and complement in 
rheumatoid articular collagenous tissues. Arthritis Rheum. 18, 
541. 
Cooke, T.D. and Richter, S.M. (1975b). Localization of antigen 
antibody complexes in ιntra-articui ar collagenous tissues. Ann. 
N.Y. Acad. Sci. 256, 10 
Currey, H.L.F., Moore, C.J. and Prentice, A.I.D (1970). Surgi­
cal synovectomy and experimental immune synovitis in the rabbit 
knee-joint. Ann Rheum. Dis. 29, 503. 
Davis, B. (1971). Effects of prednisolone in an experimental 
model of arthritis in the rabbit. Ann. Rheum. Dis. 30, 509. 
DeShazo, C.V., Henson, P.M. and Cochrane, C G . (1972). Acute 
immunologic arthritis in rabbits. J. Clin. Invest. 51, 50. 
Doble, Α., Dorling, J., Glynn, L.E., Webb, J.A. and Wilcox, J.H. 
(1973). Experimental arthritis, light and electron microscope 
studies of antigen and antibody using horseradish peroxidase as 
antigen. Br J. Exp. Path. 54, 646. 
Dumonde, D.C. and Glynn, L.E. (1962). The production of arthri­
tis in rabbits by an immunological reaction to fibrin. Brit. J 
Exp. Path. 43, 373. 
22 
Dumonde ,D.C. , Jones, E.H., Kelly, R.H. and Dates, C M . (1977). 
Experimental models of rheumatoid inflammation. In: Experimen-
tal models of chronic inflammatory diseases (Ed. by L.E. Glynn 
and H.D. Schlumberger) p. 6, Springer-Verlag, Berlin, Heidelberg, 
New York. 
Fox, A. and Glynn, L.E. (1975) Persistence of antigen in non-
arthritic joints. Ann. Rheum. Dis. 27, 105. 
Freund, J. (1956). Adv. in Tuberc. Res. 7, 130. 
Gall, E.P. and Gall, E.A. (1980). Histopathogenesis of bovine 
serum albumin-induced arthritis in the rabbit. J. Rheumatol. 7, 
13. 
Glynn, L.E. (1968). The chronicity of inflammation and its sig-
nificance in rheumatoid arthritis. Ann. Rheum. Dis. 27, 105. 
Goldberg, V.M., Lance, E.M. and Davis, P. (1974). Experimental 
immune synovitis in the rabbit. Relative roles of cell mediated 
and humoral immunity. Arthritis Rheum. 17, 993. 
Goldlust, M.B., Rich, L.C., Harrity, T.W. (1977). Effects of an-
ti-inflammatory agents on the acute response of immune synovitis 
in rabbits. Arthritis Rheum. 20, 937. 
Goldlust, M.B., Rich, L.C. and Brown, W.R. (1978). Immune syno-
vitis in rabbits. Effects of differing schedules for intra-arti-
cular challenge with antigen. Am. J. Pathol. 91, 329. 
Hasselbacher, P. (1979). Extracellular aggregates of immunoglo-
bulin in synovial fluid from rheumatoid arthritis. J. Rheumatol. 
6, 374. 
Hassel bâcher, P., Nacht, J.L., Labosky, D.A. and Steinberg, M.E. 
(1980). Anti gen-induced arthritis: An immunohistologiс study of 
articular tissue and synovial fluid using the horseradish peroxi-
23 
dase technique. J. Rheumatol. 7, 596. 
Hays, M.T and Green, F.A (1972). The pertechnetate joint scan 
1. Timing. Ann. Rheum. Dis. 31, 272. 
Hollander, J.L., MacCarty, D.J., Astorga, G. and Castro-Muri 11 ο, 
E. (1965) Studies on the pathogenesis of rheumatoid joint in­
flammation: 1. The 'R.A. Cell" and a working hypothesis. Ann. 
intern. Med. 62, 271. 
Hollister, J R., Liang, G.C. and M a n m k , M. (1973). Immunologi­
cally induced acute synovitis in rabbits. Arthritis Rheum. 16, 
10 
Hollister, J.R. and M a n m k , M (1974). Antigen retention in joint 
tissues in an ti gen-1nduced synovitis. Clin. Exp. Immunol. 16, 615, 
Hunneyball, H., Stewart, G.A. and Stanworth, D.R. (1979). Effect 
of oral D-peni ci 11 ami ne treatment on experimental arthritis and 
associated immune responses in rabbits. III. Reduction of the 
monoarticular arthritis. Ann. Rheum. Dis. 38, 271. 
Jasin, H.E (1975). Mechanism of trapping of immune complexes in 
joint co 1lagenous tissues. Clin. Exp Immunol. 22, 473. 
Jasin, Η E. and Cooke, T.D. (1978). The inflammatory role of im­
mune complexes trapped in joint collagenous tissues. Clin. Exp. 
Immunol. 33 , 416. 
Klinge, F. (1929). Die Ei weiss-Uberempfιndlιchkeit (gewebsana-
phylasus) der Gelenke. Experimentelle pathologisch anatomische 
Studie zur Pathogenese des Gelenk-Rheumatismus. J. Beitr. Pathol. 
81, 185. 
Leskowitz, S. and Waksman, B.H. (1960). Studies in immunization. 
1. The effect of route of injection of bovine serum albumin in 
Freund adjuvant on production of circulating antibody and de-
24 
layed hypersensitivity. J. Immunol. 84, 58. 
Loewi , G. (1968). Experimental immune inflammation in the syno­
vial membrane of guinea pigs. Immunology 15, 417. 
McCarty, D.J., Polcyn, R.E., Collins, P.A. and Gottschalk, A. 
(1970). 95 mTechnetiurn s cinti photography in arthritis. 1. Technic 
and interpretation. Arthritis Rheum 13, 11. 
Menard, H.A. and Dion, J. (1975). Experimental immune arthritis: 
host factors. J. Rheumatol. 2, 373. 
Menard, H.A. and Dion, J. (1976). Is local antigen persistence 
responsible for the chronicity of the experimental immune arthri 
tis of the rabbit? Experientia 32/11, 1474. 
Meyer, C.J.L.M., Putte, L.B.A. van de, Eulderink, F., Kleinjan, 
R., Lafeber, G. and Bots, G.Th.Α.M. (1977). Characteristics of 
mononuclear cell populations in chronically inflamed synovial 
membranes. J. Pathol. 121, 1. 
Mitnick, H., Hoffstein, S. and Weissmann, G. (1978). Fate of an­
tigen after intravenous and intra-arti cul ar injection into rab­
bits. Arthritis Rheum. 21, 918. 
Ohno, 0., Tateishi, H. and Cooke, T.D. (1978). Pathogenesis of 
chronic inflammation in experimental ferriti η-induced arthritis. 
IV. Immuno-electron microscopic techniques in the study of ar­
ticular collagenous tissues. Arthritis Rheum. 21, 81. 
Oka, M., Rekonen, Α., Ruotsi , A. (1971). Tc-99m in the study of 
systemic inflammatory activity in rheumatoid arthritis. Acta Rhe 
matol. Scand. 17,27. 
Page-Thomas, D.P. (1977). Aspects of experimental inflammatory 
arthritis. In: Rheumatoid Arthritis (Ed. by J.L. Gordon and B.L. 
Hazleman) p. 173. E 1 sevier/North-Hol1 and Biomedical Press, 
2 
Amsterdam. 
Pearson, С М . , Paulus, H.E. and Machleder, H.I. (1975). The role 
of the lymphocyte and its products in the propagation of joint 
disease. Ann. N.Y. Acad. Sci. 256, 150. 
Phillips, J.M., Kaklamanis, P. and Glynn, L.E. (1966). Experimen­
tal arthritis associated with auto-immunization to inflammatory 
exudates. Ann. Rheum. Dis. 25, 165. 
Phillips, N.C. and Page-Thomas, D.P. (1979). Monitoring of expe­
rimental arthritis in rabbits. Ann. Rheum. Dis. 38, 89. 
Phipps, R.P., Mitchell, G.F., Mandel, Т.Е. and Tew, J.G. (1980). 
Antibody isotypes mediating antigen retention in passively immu­
nized mice. Immunology 40, 459. 
Rosenspire, K.L., Blau, M., Kennedy, A.C. and Green, F.A. (1981). 
Assessment and interpretation of radiopharmaceutical joint ima­
ging in an animal model of arthritis. Arthritis Rheum. 24. 711. 
Sholkoff, S.D., Glickman, M.G., Schachter, J. and Rowland, M. 
(1969). External counting and scinti photography in rabbits with 
arthritis. Arthritis Rheum. 12, 220. 
Smiley, J.D., Sachs, C. and Ziff, M. (1968). In vitro synthesis 
of immunoglobulin by rheumatoid synovial membrane. J. Clin. In­
vest. 47, 624. 
Soria-Herrera, С. (1973). Accumulation of 125j_ ]
a
belled albumin 
as a measure of the inflammatory response in experimental arthri­
tis. Rheumatol, and Rehab. 12, 148. 
Steinberg, M.E., McCrae, C.R., Cohen, L.D. and Schumacher, H.R. 
(1973). Pathogenesis of antigen-induced arthritis. Clin. Orthop. 
Rel. Res. 97, 248. 
26 
Teuscher, С. and Donaldson, D.M. (1979) The deposition and forma­
tion of immune complexes in collagenous tissues. Clin. Immunol. 
Immunopath. 13, 56. 
Washburn, L.R., Cole, B.C., Gelman, M.I. and Ward, J.R. (1980). 
Chronic arthritis of rabbits induced by mycoplasmas. I. Clinical 
microbiologic, and histologic features. Arthritis Rheum. 23, 825. 
Webb, F.W.S., Ford, P.M. and Glynn, L.E. (1971). Persistence of 
antigen in rabbit synovial membrane. Br. J. Exp. Pathol. 52, 31. 
Whaley, K. , Pack, A.I., Boyle, J.Α., Dick, W.C., Downie, W.W., 
Buchanan, W.W. and Gillespie, F.C. (1968). The articular scan in 
patients with rheumatoid arthritis: a possible method of quanti-
tating joint inflammation using radio-technetium. Clin. Sci. 35, 
547. 
White, R.G., Coons, A.H. and Connolly, J.M. (1955). Studies on 
antibody production. IV. The role of a wax fraction of mycobac-
terium tuberculosis in adjuvant emulsions on the production of 
antibody to egg albumin. J. Exper. Med. 102, 83. 
27 

Chapter II 
9 9 m T C - p E R T E C H N E T A T E UPTAKE MEASUREMENTS IN 
THE RABBIT KNEE-JOINT. I. STANDARDIZATION 
OF THE METHOD AND MEASUREMENTS IN EXPERI­
MENTAL ARTHRITIS 
Henk J. van Beusekom, Wim J.M. van den Broek*, 
Levinus B.A. van de Putte, Wil C.A.M. Buijs* 
and Wim В. van den Berg 
Division of Rheumatology and Isotope Laboratory* 
of the Department of Internal Medicine. St. Rad­
boud Hospital, University of Nijmegen, The Nether­
lands 
Journal of Rheumatology 8: 31, 1981, 
29 

99mTc-Pertechnetate Uptake Measurement 
in the Rabbit Knee-Joint 
I. STANDARDIZATION OF THE METHOD AND 
MEASUREMENTS IN EXPERIMENTAL ARTHRITIS 
HL\K I \an BhbSLKOM, WIM ] M van den BROFK, L L V I M S В A \ m de PL I IF 
WIL C A M I3U\S, and WIM В van den BERG 
Abstract We studied ' '" Tc- pertcchnctate (TcO) uptake measure­
ments in rabbit knee joints Results in non inflamed rabbit knee joints 
indicated that the difference between paired measurtments of both 
knees (R-L differente) was an accurate measure, indtpendent of age 
and weight In the early phase of undateral antigen-induced arthritis, 
there was a particularly close correlation between R-L difference 
values and clinical scores of inflammation, reflecting an acute type of 
inflammation Data obtained after the earls phase of arthritis suggested 
that R-I difference measurements provide a more sensitive measure 
of inflammation than clinical scores '•" TcO uptake measurements 
can reliably be used to detect and quantitate joint inflammation in 
animals as small as rabbits (¡ Rheumatol 8 31-39, 1981) 
Key Indexing Terms 
»'•>"• TECHNETIUM PERTECHNLlATi: RABBIT 
UPTAKE MLASUREMENT EXPERIMENTAL ARTHRITIS 
Fully developed aitlmtis is easily detected 
by the classical signs and s) mptoms of m 
Hamination, i e , ledness, heat, pam swelling 
and impaiuxl function Howevei the siudv 
of human and expenmemal joint infiamma 
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tion has been hampeied by the fact that 
clinical examination is often not sensitive 
enough to detect minor inflammation and 
changes in the acavit) of an esiablished m 
flaminator) piocess In an attempt to over 
come these pioblems seveial additional 
methods have been desenbed, including ladio-
isotope methods 1 " and thcimogiaphy1 0 " 
'
J0
"
,Tc peitechnetate (JJ ,1'Tc01) uptake mea 
suiement of joint inflammation, which ie 
quires relatively small amounts of radioactive 
material, has been used frequently for clinical 
purposes' J '" -' and has been claimed to have 
advantages ovei othei methods for the mea-
suiement of human joint inflammation'9 '^ 
Since expenmental knee joint inflamniauon 
in labbits is widely used for the study of 
chiome arthritis (especially antigen-induced 
arthritis in rabbits as a model foi rheumatoid 
synovitis), we applied the "'''"TcO, uptake 
van Beusekom, et al '""Tc-Pertctlinetate uptake in rabbit knee 31 
method to the lahbit knee joint The p u seni 
lejioit is concerned with the s tandaul i/anon 
ot the C I ! ""Tc0 1 ujitake method and i.s iqMO 
ilucibi!it\ m non-inflamed labbit knee joints, 
as well as with measuiements in inflaniLd 
knee joints In the latter case, we weie 
interested in comparing the lesuks oi this 
method with clinical measuiements to dctei 
mine whether quantitation of at least 1 or 
m o i e components of joint inflammation lj\ 
this method is possible 
MATERIALS AND METHODS 
""TcO, uptake me'isurements T h e method 
used has been desenbed in detail elsewheie-" 
' " " ' T c 0 4 uptake measurcint nts weie pei loi m 
ed on labbit knee joints aftei iv injections 
of the isotope into the cai \ein Gamma 
radiation o\ci the knee joints was detected 
by means of 2 collimatoli thal l ium-actnatt d 
sodium iodide scintillation crystals 
On the da\ of the studv the animals weie 
tasted T h i \ w i r e sedated with 1 3 ml Hvp 
norm" (containing/ml 10 nig Fluanison and 
0 2 mg Fentanyl, Philips D u p h a r В V , Am 
steidam, Holland) The labbits were fixed 
in supine position in an oithoplast box Caie 
was taken to m s u i e identical flexion of the 
knee joints T h e colhmatois weie vertically 
positioned and centred over the distal edsie 
of t h e patella, just touching the skin The 
collimators were then turned in such a wa> 
that the whole knee joint ca\it> was m the 
viewer field, ( inner diameter of the colh-
matoi 3 0 cm ) as confirmed by arthrographic 
studies Approximately 40 ^Ci ' J 9 " 'Tc0 4 in 
0 8 ml physiological saline was injected rapid­
ly into the ear vein Immedia'cly aftei the 
injection the count rate over both knees was 
a l temate l) legistered for 30 sec Usually Ì 
mm after the injection, a j^lateau phase was 
leached which always remained constant foi 
at least 1 h- ' T h e ^ " T c O j uptake of tin 
knee joint was calculated as an aveiagc of 3 
consecutive countings of the plateau phase of 
the curve, divided by the dose of ',!""Tc04 
admimsteied and expressed as counts/ min/ 
/iCi Foi detemimation of the total dose of 
' '" 'TcO, the synnge was counted befoie and 
aftei the injection All the lecoidings weie 
collected foi baekgiound activity and ph\s i 
cal decav 
Апшш/s anti induction of arthritis T h e 
animals used weie New Zealand white labbit·, 
of eithei sex, weighing between 2 5 and 4 0 
kg and 2 to 5 months of age Thev weie 
obtained commorcialU, caged individually 
and fed a commeicial pellet diet supplement­
ed with furazolidone (100 mg kg), oxytetia 
cycline (150 mg/kg) and sodium sulphachiri 
dine (100 mg/kg) and water ad libitum The 
animals lor the antigen-induced aului t i s 
studies were at least 3 months of age The\ 
were immunized with 5 mg bovine sei um 
albumin (BSA) (lot no A-4378 Sigma Chemi 
cal Company, St Louis, MO, US \), oi 5 mg 
ovalbumin (ОЛ) (lot no A-5503, Sigma), dis 
solved m 1 ml saline and emulsified with an 
equal volume oi Freund's complete adjuvant 
(FCA) (Difco Laboiatoncs, Detroit, \1I, USA 
T h e emulsion was injected into 20 di l leient 
intradennal sites of the shaven back Tin ее 
and-a half wk latei, the animals weie d ia l 
lenged with 2 5 nig BSA or О V m a 1 ml 
jiviogen-fiee saline stenhzed by miciojioie 
filtration, injected into the right knee joint, 
medial to the patellai tendon undei aseptic 
conditions O n e ml saline solution was in­
jected into the left knee joint bv wav of 
control Three days before the intraaiticular 
injection die animals were skin-tested ovei 
the scapula with 100
 Mg BSA oi OA Re­
actions w e i e assessed lor induiation ot the 
lesion at 4, 24 and 48 h with the aid of 
cahpeis Only the labbits with a skinfold 
induration ol moie than 1 mm at 24 and 48 h 
weie used foi the studies In addiuon, ai 
thnt is was induced m 2 animals by intia-
artielar injection of 30 mg Zymosan (sacchaio 
myces ci revisiae, Koch Light Laboiatones, 
Colnbrook Bucks, England) sterilized bv heat­
ing to 121°C dining 15 nun The ai thnt is 
ot the rabbit knee was clinically assessed by 
palpation of the joint and graded on a 3 
32 The Journal of Rheumatology 8 1, 1981 
point scale as follows 0 — noi irai joint, 1 -
slight swelling, 2 — definite swelling, no oi 
minili al hydrops, and 3 — definite swelling 
with In drops 
Moiplwlogical studies The rabbits were sac­
rificed b\ means of an overdose of nembutal 
The skin of the hindpaws was stripped olf 
and 1 ml Hanks balanced salt solution (HBSS) 
with 10 U heparm/ml was injected into the 
s\novial cavity under sterile conditions The 
knee was genti ν flexed 5 times and as much 
joint content as possible was aspirated bv 
puncture of the suprapatellar pouch The 
pouch was then opened and samples were 
taken for cultures of the synovial content 
The joint space was flushed with 1 ml HBSS 
and the hauest added to the oiiginal exudate 
obtained by aspiration Total cell counts weio 
made, with a diffeien ia! count aftei Ma\-
Grunwald-Giemsa staining of a cytocentn-
fuge preparation 
Samples weie taken fiom the s)novium of 
the suprapatellar pouch and from the antenoi 
and posterior aspect ot the joint cavity, fixed 
m 10% formalin and stained with eosin and 
hematoxylin The inflammatory changes in 
the synovial membiane weie assessed b) one 
of us (LP), who had no prior knowledge of 
the experimental groups, according to the 
scoring system as described by Menard and 
Dion10. 
RESULTS 
1 Studies in non-mflamed rabbit knee joints 
Thirty-lour healthy labbits aged 2 months 
and ovei were used foi this sti.id\ A bundled 
and thirty-eight " " T c 0 4 uptake measure­
ments of both knees were done for penods 
ι angin g fi om 2 wk to 3 months Table 1 
shows that nght and left knees did not be 
have differentK with respect to ""'TcC^ up 
take measuiements The difference between 
the paired n^easuiements of the right and 
left knees (R-L difference) л\а5 found to be 
the most reproducible measurement, with a 
95% confidence interval of 23 cpm//iCi Botli 
Table 1 The mean, standard deviation and 
95% confidence interval of 138 ' , " TcO^ up­
take measurementi (CPMIμ€ι) end R-L dif­
ferences m non-inflamed таЬ1>й knee jomis 
(34 rabbits) 
Hight Knees 
Left Knees 
R-L Differences" 
Mean 
209 7 
213 1 
3 5 
SD 
27 1 
23 6 
15 8 
9 5 % Confidence 
I n t e n a l 
45 0 
39 2 
22 8 
"See text 
age and weight (but not ье\) of the i.ibbits 
influenced ""TcO, uptake measuiements m 
non-inflamed labbit knee joints (Table 2) The 
mean of the '"'"ТсО^ uptake in the gioup of 
labbits of 3 months of age and youngei, 
weighing less than 2750 g, differed highl) 
sigmhcanlK (p < 0 001) from that in the 
gioup of older and heavier rabbits In the 
groups of rabbits aged 4 months and over 
and weighing 2750 g οι more, ul) "TcO^ uptake 
measurements showed no significant differ­
ences Within the lattei group, standaid de­
viation (SD) and 95% confidence inteival (CI) 
of 200 '''"'TcO^ uptake measuiements of left 
knees weie therefore maikedlv less than men­
tioned in Table 1 (mean 197 3, SD, 17 0, 95% 
CI 28 0) R L diffciences showed no age and 
weight influence For this leason, and in view 
of a 95% CI lowei than that of the ^"'TcO, 
uptake of the nght and left knees, we used 
the R-L difteiences for unilateral aithntis 
studies 
2 Studies in ипіШегаІІу inflamed rabbit knee 
jomt& 9'J"lTc04 uptake measurements m the 
left control knees were not influenced bv 
either injection of saline into the knee oi the 
presence of aithntis in the contralateral knee 
R-L differences could theiefoie be used as 
a measure of joint inflammation R L diffei-
ences of individual rabbits after induction of 
antigen induced knee joint inflammation aie 
shown in Table 3, indicating inflammation 
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Table 2. The mean and standard deviation of '""TcOj uptake measurements in non-mfUimed 
knee joints (34 rabbits), grouped according to weight and age 
Age 
2 
3 
4 
5 
6-7 
(month) 
Mean 
SD 
Mean 
SD 
Mean 
SD 
Mean 
SD 
Mean 
SD 
2500 
261 (10) 
25 1 
234 ( 4) 
16 6 
2500-
2750 
252 ( 7) 
2 4 2 
238 (15) 
15 1 
227 (13) 
8 2 
214 ( 3) 
25 5 
214 ( 7) 
16 1 
Weight Groups 
2750-
3000 
232 ( 4) 
12 1 
228 (26) 
19 1 
215 (15) 
20 3 
210 (18) 
10 4 
203 (22) 
16 2 
3000-
3250 
198 (20) 
1 1 3 
197 (19) 
12 9 
190 (26) 
13 6 
J250-
3500 
196 (16) 
10 9 
200 (24) 
18 0 
190 ( 7) 
12 6 
3500-
185 (17) 
14 4 
181 (12) 
7.0 
193 ( 4) 
15 4 
Numbers in biackets indicate the numbers of ''»'"TcO^ uptake measurements 
Table 3. !'9mTcOi uptake measurements m both knees expressed as R-L differences, 1 to 24 
d after unilateral arthritis induction 
Rabbit 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
•Italic 
s 
Antigen Dose (mg) 
BSA 
BSA 
OA 
numbers 
2 5 
1 0 
2 5 
indicate 
1 
144 
137 
83 
80 
72 
fì3 
142 
68 
60 
86 
89 
78 
57 
51 
2 
122 
106 
91 
32 
39 
36 
38 
39 
106 
128 
182 
135 
103 
169 
101 
52 
60 
105 
142 
112 
statistically significant el« 
Days after Aithutis Indi 
3-4 
76 
46 
148 
60 
- 1 0 
55 
68 
29 
- 2 
9 
57 
76 
40 
88 
66 
96 
65 
72 
20 
33 
88 
84 
75 
8-9 
67 
40 
98 
22 
- 3 
24 
20 
18 
9 
53 
26 
9 
9 
24 
32 
57 
;vated values ( > 
10-11 
53 
^3 
105 
35 
3 
17 
28 
4 
29 
14 
15 
20 
55 
55 
42 
40 
22 
28 
21 
10 
22 8) 
jction 
14-15 
44 
29 
121 
43 
18 
27 
22 
2 
17 
17 
7 
73 
42 
16 
20 
50 
20 
20 
17-18 
27 
0 
5 
5 
6 
10 
24 
22 
39 
46 
45 
21 
45 
14 
5 
16 
26 
27 
42 
23-24 
14 
61 
47 
47 
5 
18 
14 
42 
40 
- 1 2 
21 
57 
46 
34 The Journal of Bheumatology 8 1, 1981 
when above 23 cpm//iCi (Table 1). Highest 
values were reached 24 and 48 h after in­
duction of arthritis. Thereafter a variable 
pattern was observed: in some animals R-L 
differences declined, whereas in others they 
remained increased. Comparisons of R-L dif­
ferences and clinical measurements are shown 
in Figure 1, T h e R-L differences correlated 
well with the clinical score of arthritis, espe­
cially in the early phase of inflammation. In 
the 1st wk, both R-L differences and clinical 
measurements indicate inflammation. After 7 
days discrepancies become overt, showing 22 
instances with significant R-L differences 
while clinically there was no demonstrable 
inflammation; the reverse was seen in only 
6 instances. Table 4 summarizes histological 
data on the knees of 10 rabbits sacrificed at 
various times after induction of either anti­
gen- or zymosan-induced arthritis. T h e great­
est R-L differences were associated with the 
highest synovial fluid leukocyte counts, 5 
R-L difference ( c p m / ^ u C i ) -
2 0 0
 Ί 
• day 1 • 7 
о day 8-51 
1 0 0 -
9 5 % 
- confidence interval 
•Clinical arthritis score 
Fig. 1. R-L differences and clinical arthritis score 
during (closed circles) and after (open circ'es) the 
first week after antigen injection into the right knee. 
Table 4. R-L differences, clinical arthritis score, synovial fluid analysis and inflammation 
score of the synovial membrane of the knee joints of individual rabbits at different times 
after arthritis induction 
Antigen-Induced 
Arthritis 
(8 Rabbits) 
Zymosan-induced 
Arthritis 
(2 Rabbits) 
Non-Arthritic Knees 
Mean Values 
(10 Rabbits) 
"According to 
Days after 
Arthritis 
Induction 
3 
3 
18 
18 
38 
38 
50 
103 
10 
10 
(Saline) 
Menard and 
Clinical 
Arthritis 
Score 
4 
3 
1 
0 
0 
1! 
0 
0 
4 
4 
Dion 3 0 . 
R-L 
Difference 
(СРМ/дСі) 
144 
41 
52 
-S 
37 
10 
20 
0 
54 
149 
Synovial 
Total Cell 
Count χ 10 5 
720 
260 
5.5 
11.6 
6.6 
8.2 
10 
1.6 
75 
345 
0.15-2 
0.65 
PMN 
% 
95 
71 
51 
25 
20 
17 
n.d. 
25 
79 
98 
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van Beusekom, et al: ""»'Tc-Vertechnetate uptake in rabbit knee 35 
out of 6 inflamed labbit knees willi s igmhuint 
R-L diHeiences showing polymoiplionucleai 
leukocyte peicentages m t \cess ol 50 SMIO-
\ ia l fluid cultures a l \ \ a \ s leniamed stenle 
DISCUSSION 
Although ' ""TcOi uptake measuiements lune 
been widely used foi the deiecïion and quan 
titation of joint mflamniation in clinical ilieu-
n ia to logy ' ' ' ' ' '", suipi ismgh few studies have 
focused on expenmental aithiitis The tech-
nique most widelv used to scoi e rabbit joint 
inflammation at different times al ter induction 
of a i thnt is is that of knee width incasuie 
ments ' 1 ''' Two iepoits1 , M 1 , both dealing with 
experimental arthritis in a small numbei ol 
rabbits, suggest that the '''""Tc()4 uptaKi 
method can be used for the stud\ of joint 111-
tlammation in these animals These studies, 
howevei , weie not primaiilv concerned with 
the tactois influencing T c O , uptake mea-
surements and the repioducibihtx of tins 
method m these animals 
Seveial factois pioved to be important to 
ensuie lepioducible lesults of ^ T c O , up-
take measuiements in imn-inflamed labbit 
knee joints 
The use of an appropriate cast for knee 
joint fixation, centenng of the colhmatois on 
the jjatella, and loutine measuieiments ovei 
the injection sites for the jiiesence of extia 
vasculai ^ 'TcO^ d e ^ s i t s weie essential 
Addition of antibiotics to the legulai food 
of the animals largeK p i e \ en t ed the pul-
monan infections which othenvise fiequent-
Iv оссш when animals a ie lepeatedlv anaes­
thetized 
Measuiements ra non-inflamed rabbit knee 
joints showed that both age and weight (bu! 
not sex) of the animals influence " " ' I c O , up­
take \alues Not unexpectedh, ' " ' " ' I c O , up 
take values decieased with incieasmg u e i g ' u 
an impoitant leason piobably being the l a i g n 
distiibution volume in lai gei animals In ad 
dition, the age of the animals influenced 
^ " T c C ^ uptake values, foi m the vanous 
weight groups (Table 3) values decieased wi.h 
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incieasing age showing onl\ minoi diffei-
ences aftei 3 months The most likely ex­
planation ol this phenomenon is the deci ease 
of \asculant) associated with maturat ion of 
the joint and the deci ease of the epiph\seal 
g iowth late, which in New Zealand white 
labbit femuis occurs at the age of about 
4 months 1 - A srnulai phenomenon has been 
noted in h u m a n subjects using 9 '""TcO., scans, 
the pictuies obtained b\ this technique 
generalb showing m o u ladioacnvity m jomts 
ol chikhcn than m those of adults, with con­
sistent localizations in the epiphyseal regions 
of the long bones' ' 
Foi seveial reasons we chose the R L dif-
feiences as a measuie of inflammation This 
type of measuiement eliminates environmen­
tal and S) stemic factois that escape standardi 
zation and influence joint perfusion, because 
these factois equalh affect both joints. More-
ovei, R L differences lemained constant 
t lnough all age groups, whereas unilateral 
measurements changed at least during the 
first 3 months T h e R L differences a ie 
therefoie a useful measuie in longitudinal 
studies, which seems to be an important field 
of application tor this technique Increased 
R-L diffeiences weie associated with clinical 
signs of inflammation and inflammatoiv 
changes in s\ no\ ia! fluid and tissue, and there 
toi e indicated the presence of inflammation 
oi at least of 1 or more of its components 
Sinnlai observations on mei eased '''-""TcOi 
uptake in the joint ha\e 1 een made m 
patients with vanous fonns of aithntis-1 ' 1 4 1 
_,J4 - Measuiements in antigen-induced 
knee joint inflammation show that highest 
ujitake values оссш m the eail\ phase of 
inflammation, when an acute type of mflam­
niation p i e d o m m a t e s " '' '' Thereafter, in the 
chiome phase of inflammation, the R L dif­
ferences aie less piedictable, and genera lb 
less maiked (it incieased at all) than in the 
acute phase As shown b) svnovial fluid 
analysis data, the gieatest R-L diffeiences 
weio associated with a piedommantly gianu-
locytic exudate, suggesting that one or more 
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components of acute inflamni.itiun c.in be 
an important déterminant of the mei eased 
R-L difference It lias been suggested that 
'""ТсОц uptake values predominantly leflect 
sMiovial vasculai perfusion and only to a 
small degree e\ti avascular accumulation- ' s 
14 4
 ' Our data, howevei, indicate that a moie 
important iole is pla\ed by extravascular 
'
> l
"Tc0 4 accuaiiulation at least in the eaiK 
phase of antigen induced arthritis foi vas 
culai pioliferation only starts after this time 
Since acute t\pe leactions sevcieh affect the 
vascular wall'' \\e believe that considerable 
leakage of '""'TcO, into the interstitial spaces 
takes place at this time 
Clinical studies have suggested that '''"TcOj 
uptake is a more sensitive tool m diagnosing 
minor inflammation than clinical measuie 
inents1'141 4I ι*™™ Oui data on the compan 
son of clinical and radioisotope measurements 
in rabbits support this statement because 
especially in the late phase of antigen induced 
arthritis, R-L differences \\ 11 с mei eased 
whereas clinical measurements had leluined 
to normal On the other hand modeiate joint 
swelling was found in sonic instances in the 
presence of normal R L diffoiences Most 
of these observations were made aftei tin 
acute infiamma toiy phase and by then some 
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ABSTRACT 
Kinetics of 9 9 m T e c h n e t i u m pertechnetats •99m TCO4") in the rabbit 
knee-joint were studied by external counting of the radio-isotope 
after intravenous injection. We studied joints with antigen-in­
duced arthritis in the acute and c h r o m e phase of joint inflam­
mation as well as non-inflamed joints. In both inflamed and non-
inflamed j o i n t s , a rapid increase in radio-activity was followed 
by a plateau lasting for at least one hour The time needed to 
reach 95% of the plateau count rate (tp) was significantly in­
creased in inflamed as compared with non-inflamed knee-joints. 
M o r e o v e r , tp values were significantly higher in acutely than in 
chronically inflamed j o i n t s . No correlation was demonstrated 
between ЭЭтусСЦ uptake and tp values. The study of kinetics of 
9 9 m y
c
o 4 - ·, n the rabbit knee-joint provides information addi­
tional to quantitation of inflammation by ^^mJcO^ uptake measu­
rements, since kinetic data characterize the type of joint in-
f1ammation. 
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INTRODUCTION 
99nij c-p e rt echnetate (^^mTcO^) uptake measurements have been used 
in clinical rheumatology for objective detection and quantitation 
of joint inflammation. Apart from the 9 9 m j c Q ^ peak count rate 
method (Dick, Neufeld, Prentice, Woodburn, Whaley, Nuki and 
Buchanan, 1970a) and the quantitative uptake at a fixed time af-
ter injection of the isotope (Boerbooms and Buijs, 1 9 7 8 ) , addi-
tional information can be obtained from continuous registration 
of the count rate of the 9 9 m T c 0 4 uptake (Boerbooms, 1975 ; Sköld-
stam, 1 9 7 8 ) . The rate of 9 9 n iTc04 uptake has been shown to be in-
creased in inflamed, versus healthy human joints (Dick et a l . , 
1970; Hays and Green, 1972; Oka, Rekonen and Routsi, 1970) and 
was correlated with the severity of arthritis (Sköldstam, 1 9 7 8 ) . 
Recently we performed 9 9 n ,Tc04 uptake measurements in non-inflam-
ed rabbit knee-joints and also after arthritis induction accord-
ing to Dumonde and Glynn (Dumonde and Glynn, 1962; van Beusekom, 
van den Broek, van de Putte, Buijs and van den Berg, 1 9 8 1 ) . In 
these studies we showed that the 9 9 m T c 0 4 uptake method in these 
animals is reproducible and more sensitive in the detection of 
joint inflammation than "clinical" arthritis scores. This study 
describes the kinetics of 9 9 n i T c 0 4 " in non- i nf 1 amed, and acutely 
and chronically inflamed rabbit knee-joints. 
MATERIALS AND METHODS 
9 9 n 1Tc04 uptake measurement 
The method used has been described in detail elsewhere (van Beu-
sekom et al, 1 9 8 1 ) . Briefly, the rabbits were sedated and fixed 
in supine position in an orthoplast box, whereupon 40 yCi ^ 9 m l c 0 ^ ' 
in 0.8 ml saline was rapidly injected into the ear vein. Immedia-
tely after injection the γ radiation over the knee-joints, as de­
tected by two collimated (inner diameter 3.0 cm) thallium-acti­
vated sodium iodide scintillation crystals, was counted. Great 
care was taken to ensure an identical position of the collima­
tors over the knee-joints. The count rate over each joint was 
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alternately registered for 30 seconds, starting with the left 
knee-joint In the first experiments with 2-nnnute intervals, 
and in a later phase of the study at l-minute intervals. This 
registration was continued for at least 10 minutes after i.v. 
injection, or longer vthen a plateau was reached later. Plateau 
values were in the order of magnitude of 8000 cpm. A plateau 
was defined by 3 consecutive recordings, the last 2 of which 
did not exceed the first by more than 200 cpm. The count rate 
of the plateau was calculated as the average of these 3 regis­
trations The 95% confidence interval was + 5% of the mean pla­
teau count rates The time of the middle of the interval of 2 
registrations, in which the 95% level of the count rate of the 
plateau was reached, was estimated. This time was considered to 
be the beginning of the plateau (plateau time; t p ) . 
9"niTc04 uptake values were calculated from the count rate of 
the plateau divided by the dose of 99mj
c
o^- administered, and 
expressed as cpm/gCi. Previous studies in unilateral antigen-in­
duced arthritis of the rabbit knee-joint have shown that the dif­
ference between the 9 9 r nTc04 uptake of the inflamed knee and the 
99ттс04 uptake of the non-inflamed contralateral knee-joint (R-L 
difference) is the most sensitive method to detect knee-joint 
ιnf1ammation 
Animals and induction of arthritis 
The animals used were New Zealand white rabbits of either sex, 
weighing 2750 to 4000 g and at least 3 months of age. They were 
obtained commercially, caged individually and fed a commercial 
pellet diet supplemented with furazolidone (100 mg/kg), Oxytetra­
cycline (150 mg/kg) and sodium sulphadimidi ne (100 mq/kg) and 
water ad libitum. The rabbits were immunized with 5 rr,g bovine 
serum albumin (BSA) (lot no. A-4378 Sigma, Chemical Company, 
St. Louis, USA) in Freund's complete adjuvant (FCA) (contai­
ning mycobacteriurn strain H37RA) and skin-tested with 100 pg 
BSA 3 days prior to ιntra-artι cui ar (ι.a.) antigen injection. 
Three weeks after immunization the right knee-joint was in­
jected with 2.5 mg BSA in 1 ml pyrogen-free saline. 
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One ml saline was injected into the left knee for control. 
Four groups of animals were studied: group I: immunized 
rabbits without arthritis; group II: rabbits 2 days af-
ter unilateral i.a. injection of antigen, with an acute type of 
ant i gen-1nduced joint inflammation; group IIIa + b: rabbits, more 
than 21 days after AIA induction with (group Ilia) or without 
Û Q m 
(group Illb) an increased R-L difference of T c 0 4 uptake by 
more than 23 срт/цСі, indicating joint inflammation (van Beusekom 
et al., 1981). 
Statistical calculations 
We used the two tailed Student's t-test for comparing paired mea­
surements and the two-tailed Student's ¿-test for two samples 
in testing the difference between the mean values of two groups. 
RESULTS 
Table 1 shows the times (tp) at which 95% plateau values of 
9 9 r nTc04 uptake were reached, for right (Rtp) and left (Ltp) 
knees, as well as differences between paired Rtp and Ltp values 
(Rtp-Ltp) for groups I to III. In group I (the rabbits without 
unilateral arthritis) mean Rtp and mean Ltp values were almost 
identical, indicating that no systematic error was introduced 
by consequently starting the alternate counting over the left 
knee. In this group mean tp values were approximately 90 seconds. 
After arthritis induction in the right knee, mean tp values in-
creased significantly both in acute (group II) and c h r o m e 
(group Ilia, Illb and IIIa+b) joint inflammation as compared 
with non-inflamed knee-joints (group I ) . When Rtp values were 
compared as paired samples with Ltp values within one group, a 
significant difference was found in groups II and IIIa+b, but 
not in groups Ilia and Illb. Mean of paired differences between 
Rtp and Ltp (Rtp-Ltp) differed significantly between groups I 
ν II, Ι ν IIIa+b, II ν Illa and II ν IIIa+b (table 1 ) . No cor­
relation was found between tp values of the inflamed knees and 
their corresponding ^^mJc0i\ uptake values, expressed as R-L dif­
ference . 
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Table I: Plateau times and ^^""ТоОц uptake measurements of non-inflamed (Group I), acutely inflamed 
(Group II) and chromcally inflamed (Group Ilia, Illb and IIIa+bj rabbit knee-joints. 
Groups Number Days after 9 9 mTc04 uptake plateau time (sec) 
of of arthritis (cpm/uCi) 
rabbits rabbits induction R-L difference* Rtp* (range) Ltp* (range) Rtp-Ltp*(range) Rtp υ Ltp 
I 20 - -2+13 41+71 (30-26П) 94+67 (45-290) -3+43 ( "15- 45) NS 
II 30 2 89+39 267+119(30-555) 141+113(45-555) 126+137("180-390) <0.001 
Ilia 17 >21 46+26 187+93 (30-375) 144+100(45-375) 43+90 ("155-205) NS 
Illb 10 >21 3+ 8 194 + 106(45-375) 159 + 103(45-330) 35+108(" 195-180) NS 
ПІа+Ь 27 30+30 189+96 (30-375) 149+99 (45-375) 40+95 ("155-205) <0.05 
Comparison of the groups 
I ν II <0.001 NS <0.001 
I ν Ilia <0.001 NS NS 
I ν Illb <0.01 <0.05 NS 
I ν IIIa+b <0.002 <0.05 <0.01 
II ν Illa <0.05 NS <0.02 
II ν Illb NS NS NS 
II ν IIIa+b <0.01 NS <0.01 
Illav Illb NS NS NS 
* Mean values + S.D. 
Rtp indicates plateau time of the right knee, Ltp of the left knee 
Rtp - Ltp is the difference in plateau time between paired knee-joints. 
NS • not s ι g m f ι cant 
Remarkably, mean Ltp values were increased in the groups with 
unilateral arthritis as compared with group I. This difference 
reached statistical significance for groups Illb and IIIa+b. 
Figs la and lb represent typical examples of 9 9 n iTc04 uptake cur-
ves of R and L knees of rabbits with unilateral right-sided 
acute (fig. la) and chronic (fig. lb) arthritis. For all curves 
the plateau count rate, corrected for physical decay, remained 
constant during the time of registration, i.e. till 60 minutes 
after i.v. injection. 
DISCUSSION 
Sequential external radioactivity measurements over the 
rabbit knee-joint, after intravenous injection of 9 9 m T c 0 4 - , in-
dicate rapidly increasing initial values, whereafter plateau 
values are reached. The latter remains constant for at least one 
hour, both in non-inflamed and inflamed knees (fig. 1 ) . The cur-
ve thus obtained is the resultant of several factors, including 
the plasma concentration of 9 9 m T c 0 4 " , the blood flow in the syno-
vial membrane and periarticular tissues and the diffusion of the 
radi o-isotope into the extravascular compartment (Hays and Green, 
1972; Alarcon-Segovia, Trujeque, Tovar and Adam, 1967; McCarty, 
Polcyn, Collins and Gottschalk, 1970; Rosenspire, Blau, Kennedy 
and Green, 1981; Whaley, Pack, Boyle, Dick, Downie, Buchanan and 
Gillespie, 1 9 6 8 ) . It has been shown that the plasma concentration 
of 9 9 m T c 0 4 " ^ P i d l y decreases, whereas the amount present in the 
extravascul ar compartment gradually increases (Hays and Green, 
1972; McCarty at al., 1 9 7 0 ) . Diffusion to the extravascular com-
partments takes place because the radi o-isotope is a small mo-
lecule only weakly bound to serum albumin, leading to a gradual 
increase of the amount of " " m T c 0 4 ~ in the synovial fluid and 
(periJarticular tissues (Hays and Green, 1972; McCarty et a l . , 
1970; Rosenspire et al., 1 9 8 1 ) . At maximum uptake in the rabbit 
knee-joints, 66% of the total 9 9 m T c 0 4 " is present in the arti-
cular cartilage and periarticular bone (Rosenspire et a l . , 1 9 8 1 ) . 
However, per unit of weight the highest uptake is found in arti-
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Reqistration of alternate radioactivity measurements 
after intravenous injection of ^^mTc04~, over right 
arthritic (closed circles) and left control (open 
circles) rabbit knee-joints. The right knee in fig. 
la is acutely (2 days after arthritis induction) and 
in fig. lb chronically (?3 days after arthritis in­
duction) inflamed. The interrupted line represents th 
beginning of the plateau phase of the curve (plateau 
time ) . 
cular soft tissues and synovial fluid (Rosenspire et al., 1981). 
In the case of acute unilateral joint inflammation Rtp values 
were shown to be significantly increased as compared with non-
inflamed knees, although we were unable to find any correlation 
between the degree of joint inflammation and Rtp values. Highest 
R-L differences of the 9 9 m T c 0 4 uptake as well as highest Rtp 
values were found in acutely inflamed joints. This phase of in-
flammation is characterized by marked vascular pathology and 
exudation, the PMN being the predominant inflammatory cell (Du-
monde and Glynn, 1962; Steinberg, McCrae, Cohen and Schumacher, 
1973; Goldlust, Rich and Harrity, 1977; Gall and Gall, 1980). A 
likely explanation for the prolonged Rtp in this phase is the 
leakiness of the synovial vasculature, resulting in interstitial 
oedema and exudate formation in the synovial cavity. The thus 
increased extravascular space requires some time to become equi-
librated with the intravascular '" mTc04" concentration. In the 
chronic phase of joint inflammation the histological picture 
shows synovial tissue infiltration with predominantly mononuclear 
cells and markedly less vascular abnormalities, interstitial oe-
dema and synovial fluid exudate (Dumonde and Glynn, 1962; Stein-
berg et al., 1973; Gall and Gall, 1980). At that time Rtp values 
were less increased than in the acute phase of inflammation. 
As indicated in table 1,"control" left knees of animals with uni-
lateral arthritis unexpectedly showed increased mean tp values 
when compared with group I, animals immunized with the antigen 
in FCA but without arthritis. It may be that injection of saline 
into the "control" knee induces a slight subclinical inflamma-
tion, as has been shown by histology (Krey, Gupta and Bahia, 
1981) and local antigen-specific antibody production (Cooke and 
Jasin, 1972). Increased weight bearing by the control joint due 
to the contralateral joint inflammation can probably also influ-
ence 9 5 m j c o ^ kinetics. It should be noted, however, that 9 9 m T c 0 4 
uptake values of the left knees were not increased in these 
groups when compared with the group I: non-inflamed knees (data 
not shown). 
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AIA of the rabbit knee is generally considered a good animal mo­
del for rheumatoid joint inflammation, in view of hi stopatholo-
gical and immunopathological similarities with the latter (Dumon-
de and Glynn, 1962; Glynn, 1968). Our data indicate that, 
so far as 99mj
c
Q^- kinetics of the joint are concerned, 
certain differences exist. The RA joint generally shows a more 
rapid initial increase in ^^mJcO^' countings and an earlier pla­
teau than a non-inflamed human joint (Boerbooms, 1975, Skdld-
stam, 1978; Hays and Green, 1972; Oka et al., 1970; Dick, Gray­
son, Woodburn, Nuki and Buchanan, 1970b ) , in contrast to AIA. 
In conclusion our data indicate that kinetics of ^^^JcO^' in the 
rabbit knee-joint are different in acutely inflamed, chronically 
inflamed and non-inflamed joints. Kinetics of ^^т1с0ц' in the 
joint can therefore give information additional to 99mJc0q up­
take values, in particular with regard to the type of inflamma­
tion present in a given arthritic joint. 
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ABSTRACT 
We studied 1. the inflammatory response induced by intra-articu-
lar (i.a.) injection of 2.5 and 0.5 mg Ш^І-label 1 ed bovine se­
rum albumin (125]-BSA)into the paired knee-joints of rabbits im­
munized with BSA in Freund's compi e t e a d j u v a n t , and 2. handling 
of these different doses of antigen by means of regular external 
radioactivity measurements. The joint inflammation was quantita-
ted by 9 9 г л Technetium pertechnetate uptake measurements. More 
severe arthritis was seen in the 2.5 mg BSA-injected than in the 
paired 0.5 mg BSA-injected knee, both in the early and in the 
late phase of antigen-induced arthritis. External radioactivity 
measurements showed enhanced disappearance of radioactivity from 
the 2.5 mg 125і_в$А challenged knee-joint, resulting in lower 
percentual retention of the dose injected than in the 0.5 mg in­
jected knee-joint. However,the calculated absolute amount of 
long-term retained BSA in the 2.5 mg BSA injected knee, 4 weeks 
after i.a. injection, was still about 2.8 times the quantity of 
BSA retained in the 0.5 mg BSA injected paired knee-joint. These 
data indicate that the severity of both the early and late phase 
of anti gen-induced arthritis is i.a. antigen dose-dependent and, 
in addition, suggest that handling of i.a. antigen depends in 
part on the severity of joint inflammation. 
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INTRODUCTION 
Antigen-induced arthritis (AIA), firstly described by Dumonde and 
Glynn (Dumonde and Glynn, 1962), has been widely used as a model 
for the study of human rheumatoid arthritis in view of similar 
histopathological features and its chronicity. The dose of intra-
articularly (i.a.) injected antigen in this model appears to be 
important, since it has been shown that , in ovalbumin immunized 
rabbits, only i.a. doses of more than 10 pg of the antigen resul­
ted in histological signsof inflammation of the synovial membra­
ne (Gonsden, Doble, Glynn and Nind, 1971). In addition, studies 
on the effect of varying doses of i.a. antigen injected repeated­
ly at short intervals on the resulting joint inflammation, sug­
gest that , in the dose range studied, the largest doses of i.a. 
antigen are associated with the most severe inflammatory pheno­
mena (Goldlust, Rich and Brown, 1978). Dose-response studies on 
the effect of varying single doses of i.a. antigen on the severi­
ty of AIA have not been published, probably because they are ham­
pered by the great interindivi dual variation in immune and in­
flammatory responses in outbred species like rabbits (Menard and 
Dion, 1975) and also by methodological difficulties in quantita­
tion of joint inflammation. 
This report deals with quantitation of inflammation in the early 
and in the later phase of AIA in rabbits after i.a. injection of 
2 different doses of antigen into both knee-joints of the same 
animal, thus avoiding the problem of interindividual variations 
in immune and inflammatory responses. Joint inflammation was 
measured by the 9 9 m j
e c
h
n e
t ή
u m
 pertechnetate uptake method, a re­
liable method to detect and quantitate joint inflammation in 
rabbits (van Beusekom, van den Broek, van de Putte, Buijs and 
van den Berg, 1981). Since the severity of joint inflammation 
may influence handling of i.a. antigen (van Beusekom, van de 
Putte, van den Berg and van den Broek, 1981, in press), we stu­
died the latter by regular external radioactivity measurement 
of radiolabelled i.a. antigen. 
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MATERIALS AND METHODS 
Animals: New Zealand white rabbits of either sex, weighing be-
tween 2.5 and 3.5 kg and aged 3 to 5 months were used. They were 
obtained commercially, caged individually, fed a commercial pel-
let diet supplemented with furazolidone (100 m g / k g ) , Oxytetra-
cycline (150 mg/kg) and sulphadimidi ne (100 mg/kg) and given 
water ad libitum. 
Materials: Bovine serum albumin (BSA) (lot no. A-4378 Sigma, 
Chemical Company, St. Louis, Miss. U S A ) , Freund's complete ad-
juvant (FCA) (containing mycobacterium strain H37RA) were used. 
125¡ 0 (ji n e carrier and reductant-free was obtained from Radio-
chemical Centre, Amersham, England. 
Iodi nati on of BSA: 125i labelling of BSA was performed by the 
chloramine Τ method (Hunter and Greenwood, 1962). 125j-i
a
bel1 ed 
BSA ( 1 2 5I-BSA) was separated from free 1 2 5 I by Sephadex G25 frac­
tionation and stored at -20 0C. Refractionation of unfrozen ma­
terial, to be used for i.a. injection, revealed more than 99% 
of the radioactivity to be in the protein fraction. 
Immunization schedule and arthritis induction: seven rabbits 
were immunized with 5 mg BSA in FCA and skin tested with 100 ug 
BSA 3 days prior to i.a. antigen injection. Three weeks after 
immunization the right knee-joint was injected with 2.5 mg BSA 
and the left knee-joint with 0.5 mg BSA. In 5 out of 7 rabbits 
the i.a. injected BSA was trace-labelled with l 25i-BSA. The dose 
of radioactivity of l^Sj applied to both knee-joints was similar, 
8 yCi. Lugol solution was orally administered from 3 days before 
until one week after i.a. antigen injections to minimize 1251 
uptake of the thyroid gland. After the period studied, the rab­
bits were further used for experiments studying the influence 
of systemically injected homologous antigen on the ongoing ar­
thritis (van Beusekom et al., manuscript in preparation). 
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Measurement of antigen retention: antigen retention was perfor­
med by external radioactivity measurement of the knee-joint as 
described before (van Beusekom, van de Putte, van den Berg, van 
den Broek and Buijs, 1981) on consecutive days. The radioactivi­
ty measured is expressed as percentage of the count rate imme­
diately following i.a. injection of 1 2 5 I - B S A (percentual antigen 
retention). The quantity of BSA retained in the knee-joint was 
estimated from the percentage of the radioactivity still present 
and the dose of i.a. injected BSA. All measurements were correc­
ted for physical decay. 
Measurement of inflammation of the knee-joint: Joint inflamma­
tion was registered by ^^mlechnetium pertechnetate uptake measu­
rements (ЭЭттсо^ uptake), as described before ( van Beusekom 
et al.,1981). 99ту
с
о^ uptake measurements were performed 2,4,7, 
14 and 24 days after i.a. antigen injection in 7 rabbits and 
once more 49 days after i.a. injection in 4 rabbits. The increa­
se of 9 9 n iTc04 uptake was related to the median of 3 9 9 n iTc04 up­
take measurements of the same knee-joint before arthritis in­
duction (Δ Tc uptake). Δ Tc uptake values of 28.0 cpm/uCi , or 
more, indicate joint inflammation, as previously reported (van 
Beusekom et al., 1981). Swelling of the knee-joint was deter­
mined by diameter measurements with an engineer's micrometer. 
Measurement of serum anti-BSA: BSA antibody titres were deter­
mined by the haemagglutinati on of BSA-coated sheep erythrocytes 
prepared with the chromium chloride method (Sweet and Welborn, 
1971). Sera were obtained prior to i.a. antigen challenge and 
frozen at -20 oC. 
Statistical calculations: were performed by the paired Student's 
t test (two-tailed). 
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Δ Tc uptake le ρ m />jCi) 
200-1 
30 35 40 45 50 
days after intra articular injection 
Figure 1. Δ To uptake measurements (see M.M.) on aonsecutive 
days after arthritis induction with 2.5 mg (closed 
circles) and 0.5 mg (open circles) bovine serum al­
bumin injected intra-articularly into the paired knee-
joints of в rabbits. Δ Tc uptake values in the figure 
represent mean values. Vertical bars show standard 
error of the mean. Significance of paired differen­
ces are indicated by it ρ < 0.05; *« ρ < 0.01. The 
interrupted line represents the upper range of the 
normal variation of Δ Tc uptake values, (van Beusekom 
et al., 1981). 
RESULTS 
99піт
с
0д uptake and diameter measurement 
9 9
 TCO4 uptake measurements were performed before and at various 
intervals after i.a. injection of 2.5 mg BSA into the right and 
0.5 mg into the left knee-joint of 7 immunized rabbits (fig. 1 ) . 
One rabbit died of pneumonia 3 days after i.a. injections. Two 
days after i.a. injections, in the acute phase of arthritis, 
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both knee-joints of all rabbits showed enhanced ^^mJcO^ uptake 
as compared with the З ^ Т с і ^ uptake of the knee-joints before 
induction of arthritis (Δ Tc uptake). Both right and left knees 
exhibited a Δ Tc uptake exceeding 28 cpm/pCi which was previous­
ly described as indicating joint inflammation (van Beusekom et' 
al., 1981). The 2.5 mg BSA-injected right knees showed a signi­
ficantly higher Δ Tc uptake than the paired left knees in 6 out 
of 7 rabbits, compatible with more pronounced acute joint in­
flammation. In the remaining rabbit the Δ Tc uptake was equal 
for both knee-joints. After day 2 Δ Tc uptake values exceeding 
28 cpm/pCi persisted in the right knee for the time studied. The 
small dose injected paired left knees showed Δ Tc uptake values 
not always exceeding 28 cpm/yCi. Of a total of 35 paired Δ Tc 
uptake values 30 showed higher values in the right knee than in 
the left knee. 
An increase in joint diameter by 1 mm or more was seen two days 
after i.a. injection in 6 right knees and 5 left knees of 7 rab­
bits. In 5 rabbits the diameter of the right knee exceeded the 
diameter of the paired left knee by 1 mm or more. Twenty eight 
days after i.a. injection the diameter of the right knee re­
mained increased in 5 out of 6 rabbits, but only 3 rabbits 
showed a persistent increase in diameter of the left knee. A 
difference in diameter of the right knee as compared with the 
left knee of 1 mm or more existed at this moment in no more than 
2 rabbits. When looking for a correlation between Δ Tc uptake 
values and serum anti-BSA haemagglutinati on titres, no correla­
tion could be found. 
External measurements of radio-labelled antigen 
The radioactivity measurements over the knee-joints of 5 rabbits 
expressed as percentual antigen retention, on consecutive days 
after i.a. injections, are shown in table 1. Two days after i.a. 
injections the radioactivity of the 2.5 mg 1 2 5I-BSA injected 
right knee-joints exceeded that in the paired 0.5 mg 125|_з5д 
injected left knees in 3 out of 5 rabbits whereas 2 rabbits 
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Table 1: Retention of BSA -in the knee-joints at various internais 
after intra-articular injection of 2.5 mg ^^^I-BSA into 
the right knee and 0.5 mg IZ^I-BSA into the left knee 
in immunized rabbits. 
days after 
i .a. 
injections 
2+ 
4 
7 
9 
11 
14 
18 
24 
28 
350 
42° 
R.knee 
(2.5 
% 
4.08 
0.95 
0.38 
0.33 
0.29 
0.25 
0.21 
0.18 
0.16 
0.21 
0.21 
mg) 
yg 
102 
24 
10 
8.2 
7.2 
6.2 
5.2 
4.5 
4.0 
5.2 
5.2 
L.knee 
(0.5 
% 
3.72 
1.23 
0.66 
0.56 
0.51 
0.44 
0.39 
0.31 
0.28 
0.34 
0.34 
mg) 
ug 
19 
6.2 
3.3 
2.8 
2.6 
2.2 
2.0 
1.6 
1.4 
1.7 
1.7 
ρ valuex 
n.s. 
n.s. 
< 0.01 
< 0.005 
< 0.01 
< 0.01 
< 0.05 
< 0.01 
< 0.001 
R/L 
%/% 
1.06 
0.78 
0.60 
0.58 
0.57 
0.56 
0.54 
0.57 
0.57 
0.61 
0.59 
ratio* 
yg/ug 
5.3 
3.9 
3.0 
2.9 
2.8 
2.8 
2.7 
2.8 
2.8 
3.0 
3.0 
+ Group of 5 r a b b i t s . 
0 Group of 2 r a b b i t s 
A l l data r e p r e s e n t mean v a l u e s . 
* Mean of R/L r a t i o s of the k n e e - j o i n t s of i n d i v i d u a l r a b ­
b i t s . 
χ S t a t i s t i c a l l y s i g n i f i c a n t p a i r e d d i f f e r e n c e s of the p e r -
c e n t u a l BSA r e t e n t i o n of 2.5 mg and 0.5 mg i n j e c t e d knee-
j o i n t s c a l c u l a t e d w i t h the S t u d e n t ' s t t e s t . 
n . s . means no s i g n i f i c a n t d i f f e r e n c e . 
showed the r e v e r s e . T h e r e a f t e r , a l l l e f t knees showed a s lower de­
crease i n r a d i o a c t i v i t y than the p a i r e d knees, r e s u l t i n g i n a s i g ­
n i f i c a n t d i f f e r e n c e of r a d i o a c t i v i t y between the knees from 7 days 
a f t e r i . a . i n j e c t i o n s u n t i l the end of the s t u d y . However, the 
c a l c u l a t e d q u a n t i t y of BSA r e t a i n e d i n the r i g h t k n e e - j o i n t s r e ­
mained 2.8 t imes the q u a n t i t y BSA r e t a i n e d i n the l e f t p a i r e d 
k n e e - j o i n ts ( t a b l e 1 ) . 
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In conclusion the large dose (LD )-chai 1enged knee,showing the 
highest Δ Tc uptake values,had the lowest long-term perceptual an­
tigen retention as compared with the small dose (SD)-injected 
knee-joint. 
DISCUSSION 
This study shows that in the presence of identical systemic im­
munity a large dose (LD) of i.a. antigen results in more severe 
acute and c h r o m e joint inflammation than a small dose (SD) in 
the dose range tested. These results were obtained by using a 
sensitive method to detect and quantitate joint inflammation, 
9 9 n lTc04 uptake measurement (van Beusekom et al., 1981) and by 
studying the inflammatory effect of both a LD and a SD of i.a. 
antigen in each individual animal, thus eliminating interindivi-
dual variations in immune and inflammatory responses innate to 
outbred species. From day 2 to day 7 after ι a. antigen injec­
tion, disappearance of radioactivity, and therefore the percen-
tual elimination of antigen, from the LD joint exceeded that 
from the SD joint. Thereafter it was identical for both joints. 
At any given moment after i.a. antigen injection, however, the 
absolute amount of antigen in μ g in the LD joint exceeded that 
ι η the SD joint. 
Although AIA has been widely used as a model for human rheumatoid 
arthritis, only scanty data are available on factors determining 
the severity of acute and chronic joint inflammation after i.a. 
injection of the antigen. Several studies (Glynn, 1968; Goldberg, 
Lance and Davis, 1974; Menard and Dion, 1975) have indicated that 
adequate eel 1-mediated immunity to the antigen used is essential 
for induction of c h r o m e arthritis, and it has been suggested 
that, the better the eel 1-mediated immunity, the less i.a. anti­
gen is needed for arthritis induction and vice versa (Page-Thomas, 
1977). However, to our knowledge no quantitative data have been 
published on this matter. Even less is known of the role of hu­
moral immunity. I.A. injection of antigen in the mere presence 
of humoral immunity, as found after immunization with Freund's in­
complete adjuvant containing the antigen,only results in a trans­
ient Arthus-like type of ιnf1ammatι on(GIynn , 1968).The importance 
63 
of humoral immunity in the presence of adequate eel 1-mediated 
immunity for the severity and chronicity of joint inflammation 
is not clear. It probably plays a role in the chronicity of an-
tigen-induced arthritis (Cooke and Jasin, 1972a; Menard and Dion, 
1975), since it largely determines prolonged antigen retention 
in the joint (Hollister and Mannik, 1974; Jasin, 1975; Menard 
and Dion, 1976) a phenomenon held responsible for the protracted 
course of this type of joint inflammation (Consden et al., 1971; 
Webb, Ford and Glynn, 1971; Cooke, Hurd, Ziff and Jasin, 1972b; 
Hollister and Mannik, 1974; van Beusekom et al., 1981). In addi-
tion, correlations have been found between serum antibody titres 
and the severity of AIA several weeks after i.a. antigen challen-
ge, graded by a histological score (Cooke and Jasin, 1972a; 
Menard and Dion, 1975). These correlations, however, may merely 
reflect the fact that the degree of delayed-type hypersensitivi-
ty determines both the severity of joint inflammation (Goldberg 
et al., 1974; Menard and Dion, 1975) as well as the antibody re-
sponse (Cooke and Jasin, 1972a; Menard and Dion, 1975). In our 
study we found no such correlation, using ^^mJcO^ uptake measu-
rement as quantitative measure of joint inflammation, neither in 
the early phase nor in the late phase of AIA. Admittedly, num-
bers of animals studied were small. 
To our knowledge no studies have been published on the effect of 
different single i.a. doses of antigen on the resulting severity 
of AIA. The principal reason for this is probably the fact that, 
until recently, no reproducible method of quantitation of rabbit 
arthritis was available (van Beusekom et al., 1981). However, 
studies varying the number and magnitude of i.a. antigen chal-
lenges suggest .that repeated LD of i.a. antigen result in a more 
severe and destructive type of arthritis than SD. (Goldlust et 
al., 1978). Our data indicate that this also applies to single 
i.a. doses of antigen, not only in the early acute but also in 
the chronic phase of AIA. 
A similar antigen dose dependency of immune inflammation has pre-
viously been demonstrated under certain conditions in skin tests 
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in guinea-pigs (Baer and Kolb, 1967; Jokipii and Jokipii, 1973). 
We have taken due note of another finding, obtained in studies 
using skin tests as a model of inflammation, that may relate to 
our data. It has been shown that simultaneous skin tests in 
delayed-type hypersensitivity suppress eachother under certain 
conditions (Bear and Kolb, 1967; Jokipii and Jokipii, 1973; 
von Blomberg, Boerrigter and Scheper, 1978), whereas this does 
not apply to Arthus-type skin tests (von Blomberg et al., 1978). 
Baer and Kolb (Baer and Kolb, 1967) have suggested that the sup­
pressive effect is especially important when simultaneous doses 
of antigen are used which differ more than 3 to 4-fold, causing 
the SD skin test almost to disappear. There are , however, seve­
ral possible reasons why this suppressive phenomenon has not in­
terfered to a notable degree with our studies. Firstly, the acut 
phase of AIA is largely an Arthus-type of ιnf1ammation,that is 
not sensitive to inflammation suppression (von Blomberg et al., 
1978). Secondly inflammation measurements of both inflamed knees 
parallelled eachother, not only in the early phase but also, 
with almost similar differences, thereafter. In addition 9 9 m T c 0 4 
uptake values in this study of bilateral arthritis were compara­
ble with those found after unilateral arthritis induced with si­
milar doses of BSA (van Beusekom, unpublished results). We can­
not, however, exclude minor influence of one joint inflammation 
on the other. 
The data available show that LD i.a. injected antigen is handled 
differently by the joint than SD i.a. injected antigen. This dif 
ference in antigen handling occurred in the first week after i.a 
antigen injection, resulting in a lowering of R/L ratios of ex­
ternal radioactivity measurement (table 1 ) , which indicates that 
a higher percentage of antigen disappeared from the LD than from 
the SD joint. The explanation for this phenomenon may be the dif 
ference in inflammatory activity between the joints, indicating 
more pronounced vascular phenomena and more phagocytosis in the 
LD joint. After the first week R/L ratios of external radioacti­
vity measurements become almost constant, indicating that iden­
tical percentages of antigen disappear from each joint. In this 
6 
phase of joint inflammation, the bulk of retained antigen is pro-
bably tightly bound to avascular and hypovascular joint struc-
tures (Cooke et al., 1972b; Hollister and Mannik, 1974) and 
this may explain the almost constant R/L ratios of external ra-
dioactivity measurement, although distinct differences in inflam-
matory activities between these joints still exist. 
Our data indicate that the severity and duration of AIA depend 
in part on the dose of i.a. antigen and in addition, that in-
flammatory phenomena in the joint influence antigen handling. 
Therefore, further studies on antigen handling in the joint 
should include data on these aspects. The meaning of these data 
remains a matter of speculation. Therapeutic efforts in human 
chronic immune arthritis e.g. rheumatoid arthritis, have so far 
been aimed at modulation of immune and inflammatory responses. 
Our data suggest that, once putative antigens are implicated, it 
may be worthwhile to focus on therapeutic modalities that reduce 
the amount of antigen entering the joint. 
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Chapter V 
ANTIGEN HANDLING IN ANT IGEN-INDUCED JOINT INFLAM­
MATION: KINETICS OF A SECOND INTRA-ARTICULARLY 
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ANTIGEN-INDUCED JOINT INFLAMMATION 
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Antigen handling in antigen-induced joint inflammation: kinetics of a second 
intra-articularly injected dose of antigen in an already established antigen-induced 
joint inflammation 
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Summary The Tale of a second intra-jrliLularly (i a ) 
injected dose ol bovine serum albumin (BSA) in an 
airead) established BSA-induced knee joint Inflam 
mation was compared with that ol a paired first 
arthritis-inducing injection of the same dose of BSA 
into the contralateral knee of immunized rabbits 
External counting of ι a radiolahellcd BSA indicated 
more rapid initial elimination but approximately 
two fold increase in long term retention of BSA after a 
second ι a injection as compared with a first one 
Direct counting of dissected joint structures confirmed 
these data and localized the retained BSA predo 
minantly in hyaline articular cartilage menisci and 
ligaments both after a first and alter a second 
injection Since the protocol used in these studiespir « 
excluded systemic factors as possible determinants of 
the difference in antigen retention observed local 
alterations in the already inflamed joint caused this 
difference Control studies indicated that both 
humoral immune factors and non specific infiamma 
lory changes within the chronically inflamed joint 
determine the phenomenon Local alterations m an 
Correspondence Dr H J \.jn Beusckom Katholieke 
Universiteit Nijmegen Sint Radboudziekenhuis Kliniek 
voor Inwendige 7ieklen Afdeling Reumatologie Geert 
Grooteplein zuid 16 652'> 6A Nymcgcn The Netherlands 
0019-2805/81/0900 0153502 00 
t 1981 Blackwell Scientific Publications 
immune induced chronically-infiamed joint increase 
its antigen-binding capacity a mechanism of possible 
relevance to the chronic course and the occurrence of 
exacerbations characteristic of some forms of human 
arthritis 
I N T R O D U C T I O N 
Antigen-induced arthritis in the rabbit first described 
by Dumonde & dlvnn ( 1962) has been widely used as 
a model for the study of human rheumatoid arthritis 
(RA) Arthritis in this model is induced by intra-artic 
ular (i a ) injection ol antigen in properly immunized 
animals resulting initially in an acute arthritis fol­
lowed by a chronic type ol joint infiammation Studies 
on the late of ι a antigen have shown that the bulk of 
antigen is rapidly removed in the first few days after 
arthritis induction whereas small amounts ofantigen 
persist in thejoint for many weeks or probably months 
(Consden Doble Glynn & Nind 1971) In fact the 
protracted course of this type of joint inflammation 
has been thought by some investigators (Cooke & 
Jasin 1972 Hollisler & Manmk 1974) to result from 
antigen persistence in the joint in the presence of 
delayed type hypersensitivity to the antigen whereas 
others (Phillips Kaklamams & Glynn 1966 Glynn 
1968) attach more importance to the development of 
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autoimmune reactions after the initial phase of arth­
ritis It has been shown that antigen persists presum­
ably in the form of immune complexes, predominantly 
in avascular and hypovascular joint structures such as 
hyaline articular cartilage menisci and ligaments 
(Cooke Hurd, Zifr&Jasin. 1972) Similarly localized 
immune complexes have been demonstrated in arthri­
tic joints of patients with RA (Cooke Hurd Jasin 
Bienenstock & ZifT, 1975a, Cooke Richter, Hurd & 
Jasin 1975b) 
The clinical course of RA is often characterized by 
exacerbations of chronic joint inflammation If 
antigen handling by the joint is an important deter­
minant of the course of chronic arthritis it would be 
relevant to know how ι a antigen ts handled not only 
in the early phase of arthritis but also in a continuing 
chronic joint inflammation We studied this subject 
using antigen-induced arthritis as a model Kinetics of 
antigen injected into an antigen-induced chronically-
inflamed joint were studied and compared with the 
kinetics of ι a antigen after a first arthritis-inducing 
injection The results indicate more rapid initial 
elimination but approximately two-fold increase in 
long-term retention of antigen in the former situation 
compared with the latter Control studies suggest that 
both immune and non-immune local factors within the 
chronically inflamed joint determine the enhanced 
antigen retention 
MATERIALS AND METHODS 
Ammals 
New Zealand White rabbits of either sex weighing 
between 2 5 and 3 5 kg and aged 3 to 5 months were 
used They were obtained-commercially caged indivi­
dually fed a commercial pellet diet supplemented with 
furazolidone (100 mg, kg). Oxytetracycline (150 
mg/kg) and sulphadimidine (100 mg kg) and given 
water ad libitum 
Materials 
Bovine serum albumin (BSA, lot number A-4378 
Sigma Chemical Company, St Louis, Miss ), ovalbu­
min (OA. lot number A-5503 Sigma), Freund's 
complete adjuvant (FCA containing mycobactenum 
strain H37RA) and incomplete adjuvant (FIA, Difco 
Laboratories, Detroit, Mich ) were used l 25Iodine 
carrier and reductant-free was obtained from Radio­
chemical Centre, Amersham 
lodmaiion of BSA 
pModine labelling of BSA was performed by the 
choramme Τ method (Hunter & Greenwood, 1962) 
'"Iodine-labelled BSA ([125I]-BSA) was separated 
from free 125Iodine by Sephadex G25 fractionation 
and stored at —20" Refractionation of unfrozen 
material, to be used for ι a injection, revealed more 
than 99% of the radioactivity to be in the protein 
fraction 
Immunization sihedule and arthritis induction 
Rabbits were immunized with 2 ml of an emulsion of 5 
mg BSA and 5 mg OA in saline and FCA in a ratio of 
1 1 ν ν by divided intradermal injections in the back 
Another group of rabbits was immunized with 2 ml of 
an emulsion of I ml saline containing 5 mg BSA and I 
ml FIA Only these rabbits were reimmunized with 1 
ml emulsion intradermally one week later Skintests 
with 100 /jg BSA and 100 /jg OA were performed over 
the scapular region 3 days before the first ι a antigen 
challenge The skinfold thickness after 4, 24 and 48 hr 
was measured using calipers Of the FCA-immunized 
rabbits only those with an increase of the skinfold 
thickness of more than 1 mm after 48 hr were used for 
further investigation Three weeks after immuniza­
tion the right knee was challenged with 2 5 mg BSA or 
OA in 1 ml saline sterilized by micropore filtration by 
injection through the patellar tendon The left knee 
was injected with I ml salme for control Four weeks 
later both knee-joints were injected with 2 5 mg 
['15I]-BSA (IO /iCi)—see under experimental design 
Lugol solution orally administered was started 3 days 
before and continued until I week after ι a injection of 
C^Ij-BSA to minimize | 1 sIodine binding of the thyroid 
gland 
Experimental design 
To compare the fate of antigen in joints of immunized 
animals already injected with antigen with that in 
joints that had not both knee-joints of each animal 
received at the second ι a injection radiolabelled 
antigen at the same time By using such a protocol a 
possible influence of systemic immunity on the result­
ing data was identical for both knees and any differ­
ence between antigen retention in right and left 
knee-joints could therefore only be due to local factors 
inthejomt After ι a injection of radiolabelled antigen 
the ratio of retained radioactivity in the right and left 
knee was determined at regular intervals by external 
counting (see below) until death of the animals The 
following groups of experiments (see Table I) were 
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Table 1. Immunization procedure and intra-arlicular antigen injection scheme in the 
three experimental groups of rabbits 
Immunization procedure Antigen injection (i a )* 
Group of 
rabbits No Antigen (mg) Adjuvant Joint First (mg) Second (mg) 
I 7 BSA 5
 F r . R knee BSA 2 5 [125I]-BSAt 2 5 
OA 5 Lknee Saline ll25I]-BSA 2 5 
II 5 BSA 5
 R r Rknee OA 2 5 [12SI]-BSA 2 5 
OA 5 Lknee Saline [Ι25Ι)-Β8Α 2 5 
III 6 BSA 5 FIA Rknee BSA 2 5 [125I]-BSA 2 5 
Lknee Saline [l25l] BSA 2 5 
* The ι a injected antigen was dissolved in I ml saline solution The second ι a 
injection was given 4 weeks after the first ι a antigen injection 
+ Specific radioactivity of [l25I]-BSA was 10 μΟ per 2 5 mg 
earned out using this protocol In the first group of 
experiments (group 1) seven rabbits immunized with 
BSA and OA in FCA received [l2SI]-BSA as an antigen 
in both knees, 4 weeks after induction ofarthntis in the 
right knee by injecting BSA ι a , to study the influence 
of a previous homologous immune arthritis on antigen 
handling The second group of experiments (group II) 
was designed to study the influence of inflammatory 
changes per se on ι d BSA handling in immunized 
animals To this end [ι:!,Ι]-Β5Α was injected in both 
knee-joints of five animals, immunized with BSA and 
OA in FCA, 4 weeks after induction of arthritis by OA 
in the right knee A third group ofexpenmenls (group 
III) was designed to study the influence ofthe presence 
of BSA-conlaining immune complexes in the joint in 
the absence of ongoing arthritis on the subsequent 
handling of ι a administered ['2SI]-BSA Six rabbits 
immunized with BSA in FIA received [^'Ij-BSA in 
both knees 4 weeks after the first ι a injection of BSA 
in the right knee The latter resulted in minimal 
arthritis lasting only a few days, but is known to lead 
to prolonged antigen retention (Fox & Glynn, 1975) 
External measurements of radwactu in of the knee-
joint 
Radioactivity over the knee-joint was measured dur­
ing 1 mm by pressing the lateral side ofthe rabbit knee 
against a perspex plate held at a fixed distance from a 
collimated thallium-activated sodium-iodide scintilla­
tion crystal (collimator diameter 7 cm), connected to a 
photospectrometer and an automatic print-out 
(Tracer Laboratory. Belgium) The contralateral knee 
was shielded with lead Each result was the mean of 
four measurements done by two investigators The 
duplicated standard deviation of these measurements 
was 5"0 The count rale measured immediately after 
ι a injection of [P,I]-BSA was about 300,000 с ρ m 
and 6 weeks later at least 400 с ρ m , the background 
activity being 60 с ρ m The measurements at various 
days after ι a injection were corrected for physical 
decay and expressed as percentage of the count rate 
measured immediately after ι a injection of 
[l24)-BSA Differences in retention of radioactivity in 
right and left knees of individual rabbits were 
expressed as right-left ratio (R/L ratio) of these 
percentages 
Direct measurements of tissue radioactiiit\ 
All rabbits of groups I II and III were killed 6 weeks 
after the second ι a injection with an overdose of 
nembutal After the synovial fluid for determination of 
the total leucocyte count had been collected as 
described elsewhere (van Beusekom. van den Broek, 
van de Putte. Buys & van den Berg, 1981 ), the synovial 
membrane, patella with patellar ligament and supra­
patellar plate, mtra-arlicular ligaments and both 
menisci were dissected Radioactivity of the tissues 
was counted in a well-type scintillation counter (Mic-
romedic Systems, Automatic Multiple Gamma 
Counting System. MS 588 Philadelphia, Penn ). with­
out preceding washing, and expressed as R, L ratios of 
identical articular structures R/L ratios were cor­
rected for differences in the injected dose οΓ['25Ι]-Β5Α 
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Measiiremint υ/ un hm η 
Swelling of the knee-joint was determined by diameter 
measurements with an engineer s micrometer and by 
palpation of the joint as described before (van 
Beusekomcí«/ 1981) 
Аччачтепі of wnouai fluid euiiitiw aiul sxnoual 
membram infiltrati 
Total cell counts were done and cells were diiïeren-
tiated on a May-Grunwald and Giemsa-stained cyto-
centnfuge preparation Samples were taken from the 
synovial membrane ofthe suprapatellar pouch and the 
anterior and posterior aspect of the joint cavity and 
fixed in 10", formalin histological sections were 
stained with eosin and haematox>lin The inflamma-
tory changes in the synovial membrane were assessed 
by one of us (L Ρ ) who had no prior knowledge of the 
experimental groups according to the scoring system 
as described by Menard & Dion (1975) 
Measurement υ/ serum anti-BSA and antt-OA litres 
BSA and OA antibody titres were determined by the 
haemagglulmalion of BSA or OA-coated sheep eryth­
rocytes prepared with the chromium chloride method 
(Sweet & Welborn 1971) Sera were obtained before 
ι a antigen challenge and at death and were frozen at 
- 2 0 
In vitro experiments 
Rabbits were immunized with BSA and О A in FC A 
Two groups of experiments were earned out In four 
rabbits arthritis was induced with 2 5 mg BSA into the 
right knee (group A) In another group of five rabbits 
arthritis was induced with 2 5 mg OA into the right 
knee (group B) hour weeks after arthritis induction 
the animals were killed The joint structures of the 
individual knee-joints were dissected as described 
elsewhere (van Beusekom et al, 1981) The structures 
of each individual knee-joint were incubated together 
in 10 ml phosphate-buffered saline (PBS) pH 7 2, 
containing 2 5 mg [i:5l]-BSA (6 μΟ) and 5"„ heat inac­
tivated rabbit serum with continuous shaking at 17 
for 1 hr After incubation the tissue was washed in PBS 
at room temperature by continuous shaking for 24 hr 
The washing solution was renewed about ten times 
until only negligible radioactivity was detectable m the 
washings Tissue radioactivity was measured as de 
scribed above Results were expressed as R L ratios of 
the counts of identical articular structures 
S tallii teal < «/< ululions 
These were performed by Student's ι test (two tailed) 
for two samples 
RESLLTS 
Fate of mtra-articular radiolabelled antigen as detected 
by external counting 
Kinetics of radiolabelled antigen expressed as R/L 
ratio in the three groups of rabbits described under 
'experimental design'are shown in Fig 1 In the early 
phase after ι a injection of [|;M]-BSA antigen disap­
pearance was increased in the right as compared with 
the left knee-joint in groups I and II of FCA-
immunized rabbits with an already existing antigen-
induced joint inflammation in the right knee, but not 
in group III the FIA group without persistent joint 
inflammation The increased antigen disappearance of 
the right knee was reflected in a dip of R/L ratios in 
groups I and II, lasting about 72 hr Group I and II 
differed signihcanlly from group 111 19 hr after 
injection of the radiolabelled antigen (Table 2) No 
statistically significant difference was found between 
groups I and II (Table 2) After this early phase there 
was a gradual increase in R L ratios up to the time of 
death in all groups studied differing significantly 
(/><0 05) from ratio 1 0 from day 5. 24 and 7 for 
groupl I landl l l respectively The highest R/L ratios 
were seen in group I which differed significantly from 
group II 10 days and from group III 15 days alter ι a 
injection of [PM]-BSA (Fig 1) Although the median 
ofR L ratios in group III exceeded that in group II at 
Table 2 С ompanson of the R L ratios ol radioacti 
Mt> measured by external counting 19 hr and 40 
davs alter intra articular injection of ['-^ 1] BSA in 
knee joints of rabbits of the three experimental 
groups 
Time after ι a injection of 1 |,,[] BSA 
Group ol 
rabbits 19 hr 40 days 
I 0 75* 2 09 
[[ 085 I 15 
III I 08 I 55 
It II NS /><0<)l 
li III /><00l /'<U0S 
Hi III /><005 NS 
* Median of R L ralios 
NS not sigmhcanl 
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Figure 1 Falc ol mtrj-arlicular [[2,l] BSA as delected by 
LXlerndl radiodCUviiy meaiurement The radioaclivily mca-
^urcd in both knec-jomts is expressed .is a percentage of the 
initial count rate and shown as R L ratios (see Materials and 
Methods) The individual points represent median values 
Group I (o) Group II (·) Group Ml (») Significant 
dilTerences between R L ratios of groups I and II (a) and 
groups! and 111 (b)( ,/5<0 05 ••/'<001) 
any lime starling from day 10. these differences did nol 
attain sldttsliLjl significance in the period studied 
(Table 2) 
Comparison of [':5I]-BSA retention in the left 
knee-joints (which received no previous challenge wilh 
antigen) in the three groups showed a difference 
between ЮА- and FIA-immumzed groups The 
FIA-immuni7ed group tended to greater [PM)-BSA 
retention, as a percentage of the initial radioactivity 
applied starting from 14 days after ι a injection and 
attaining statistical significance from day 24 (FCA 
immunized group, mean i:M retention 0 29",,, HA-
immunized group mean l ; s I retention 0 41",,, 
/><0 02) until death 
The anti-BSA haemagglutination titres of FCA-
immunized rabbits in sera obtained before ι a antigen 
injection varied from 21 to 21* and in ihe FIA-
immunized rabbits from 21" to 2 ' : The anti-OA 
haemagglulination titres were superior to the anti-
BSA titres in the majority of Ihe doubly immunized 
animals and varied from 2" to 2 " No haemagglulina­
tion with ÜA coated red cells was seen with the serum 
of animals immunized with BSA in FIA No correla-
tion was found between the final external radioactivity 
measurements before death and serum anti BSA litres 
or skin lest measurements in any of the experimental 
groups 
The diameter of the knee-]oint 1 day after an ι a 
antigen inieclion showed an increase b> V-5 mm in the 
FCA immunized groups and by 0-2 mm in the 
FIA-immumzed groups During the first 3 days after 
[l:,I]-BSA injection in both knee-joints, the increase in 
joint diameter of righi knees constantly exceeded that 
of left knees in all three groups ol animals indicating a 
more pronounced joint inflammation of the twice 
injected knee-joint Therealler dilTcrences were less 
consistent and when present were found in the 
CFA immuni/ed groups 
Direct measurements of radioactmU in dissected joint 
structures 
Animals were killed 6 weeks after ι a inieclion of 
radiolabelled antigen Measurements of retained 
radioactivity of various joint structures arc shown in 
Table 3 The synovial membrane conlained only 
minimal amounts of radioactivitv as compared with 
the other |oint structures Since this tissue could be 
removed only partially, data arc not shown in (his 
table The highest R/L ratios were found in joint 
structures ot group I (Table 3) In contrast to external 
measurements sialislically significant differences were 
also found between the R L ratios ofretained radioac 
tivity of joint structures in group II and III Blood 
samples oblamed at death contained no radioactivity 
In groups I and II. radioactivity measurements of both 
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Table 3 Direct measurement of rddiodctmiy 
expressed лъ R L ratio retained in dissected joint 
4tructures 6 weeks after intra articular injection of 
Ι'-Ί] BSA 
MeniSLi 
Group of 
rabbits Patella Ligaments Lateral Medial 
I 
II 
III 
Ι ι II 
I , III 
III III 
3 75* 
ι 6i 
1 52 
/ ' < 0 0 5 
/ ' < 0 02 
NS 
2 45 
1 04 
1 97 
/ '<0005 
NS 
P < 0 0 l 
3 07 
1 32 
221 
/ > <0005 
P<0Q\ 
P < 0 0 5 
2 32 
1 44 
2 22 
P < 0 0 5 
NS 
/ , < 0 0 5 
* Median of R L ratios 
NS not signilicanl 
menisci of individual rabbib correlated well with 
measurements (in с ρ m ) obtained by external count­
ing group I (right knee ί· = 0 98 Ρ<0 005, left knee 
/- = 0 98, /><0 005) and in group II (right knee 
r = 0 73. / ' < 0 0 5 . left knee r = 0 85, /><005) No 
such correlations were found in group III 
Morphological studies 
Synovial fluid leucocyte counts in both knee-joints 
were performed in three animals of group I and three 
of group II Individual cell counts in the right 
knee-joints were always higher than those in the paired 
left knee Inflammation scores of the synovial mem­
brane of the right knee as compared with the left were 
higher in four out of seven rabbits in group I and five 
outofsixingroupll In only one instance (in group II) 
did the inflammation score of the synovial infiltrate of 
the left knee exceed that of the right knee No signs of 
synovial membrane inflammation were found in the 
six rabbits of group III except in (wo instances (both 
right knee-joints) Synovial fluid leucocyte counts 
were not performed in these animals 
In vitro incubation of dissected joint structures 
We studied the m litro ability of avascular and 
hypovascular joint structures of rabbits with unilateral 
arthritis to trap radiolabelled antigen Joint structures 
of both BSA (group A)andOA arthritic joints (group 
B) showed greater antigen trapping than those of 
non-inflamed joints (Table 4) There were consider­
able differences in R L ratios of retained radioactivity 
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Table 4 Direct measurement of radioactivity expressed as 
R L ratio trapped in dissected joint structures after m utro 
incubation for 1 hr with [l25I|-BSA* and subsequent 
washing 
Menisci 
Group of Rabbit 
rabbits number Palella Ligaments Lateral Medial 
1 36 
2 15 
2 42 
2 62 
(2 28) 
0 72 
1 32 
1 81 
1 30 
2 59 
(1 32) 
1 76 
2 30 
4 58 
7 40 
(3 44) 
1 14 
128 
2 85 
2 16 
3 38 
(2 16) 
2 58 
3 01 
5 72 
7 94 
(4 36) 
1 00 
2 15 
4 65 
2 89 
8 23 
(2 89) 
1 76 
2 82 
4 26 
9 22 
(3 54) 
081 
0 75 
3 15 
2 14 
4 87 
(2 14) 
Rdbbiib were immunized with 5 mg BSA and 5 mg OA in 
FCA 2 5 mg BSA (group A) or 2 5 mg OA (group B) 
injected into the right knee-joint 4 weeks before death The 
left knee was injected with 1 ml saline for control 
Numbers in brackets indicate median values 
Data were corrected for differences m weight of the 
tissues 
* Incubation medium contained 2 5 mgl'^j-BSA (6/JCI) 
per ml 
in the joint structures between individual animals of 
both groups The median R/L ratio of individual 
structures was highest in the group of animals with 
BSA-induced arthritis, but not reaching statistical 
significance 
DISCUSSION 
Our data indicate that, in an ongoing antigen-induced 
arthritis, retention of a second intra-articularly in­
jected dose of antigen is significantly increased as 
compared with antigen retention after a fust arlhntis-
inducing injection From our control studies it appears 
that non-specific inflammatory changes in the joints as 
well as local specific humoral immune factors play a 
role in the enhanced antigen retention Differences in 
antigen retention values obtained by external counting 
were confirmed by direct counting of articular struc­
tures after dissection and were shown to reflect, at least 
in the chronic phase of inflammation, antigen retained 
predominantly in the avascular and dense collagenous 
tissues of the joint 
Several studies in the past have dealt with the 
Antigen-müuíedjuin! mflammulion 
influence of systemic immunity on retention ofintrd-
articularly injected antigen Increased antigen reten-
tion was demonstrated in joints ofanimals immunized 
with FCA (Consden et al. 1971. Webb. Ford & Glynn, 
1971. Cooke el al 1972. Hollisler SL Manmk 1974. 
Jasin. 1975 Menard & Dion 1976) and FIA (Consden 
el al, 1971, Fox & Glynn, 1975, Menard & Dion, 
1976) containing the antigen as compared with non-
immune animals As in our studies the bulk of 
persisting antigen was shown lo be present in avascu-
lar or hypovascular collagenous articular structures 
ι e menisci, hyaline cartilage and ligaments (Cooke el 
al 1972, Hollister & Manmk, 1974) A number of 
observations indicate that as Гаг as immune 
mechanisms arc concerned, humoral immunity 
against the antigen is the most important if not the sole 
determinant ol the phenomenon Intra-articular (Hol­
lisler & Manmk, 1974) and systemic (Jasm. 1975) 
administration of specific antibody resulted in 
enhanced retention of subsequently ι a injected 
antigen Moreover, in iura (Jasin, 1975 Teuscher & 
Donaldson 1979) and m mo (Cooke el al. 1972) 
experiments have shown that antibodies are able to 
penetrate the superficial layers of cartilage resulting in 
increased antigen trapping by immune complex for­
mation H uhm the cartilage In iitru (Teuscher & 
Donaldson 1979) and ш MIO (Hollister <Ь Manmk 
1974) studies have indicated that the latter mechanism 
is much more effective than the uptake of preformed 
immune complexes by cartilage and collagenous tis­
sues Since the presence of humoral immunity against 
the antigen is apparently the most important deter 
minant of antigen retention, one would expect a 
correlation between specific antibody titre and local 
antigen retention in the joint However, dala obtained 
by Hollister & Manmk (1974) as well as our data have 
failed to substantiate this expectation The same 
applies lo the degree ofdelaycd-lype hypcrsensilivity 
and antigen retention The presence of acute inflam­
mation in the joint has been considered as another 
possible determinant of enhanced antigen retention 
but so far no convincing evidence of its definite role 
has been found (Jasin, 1975) 
An unexpected finding in our study was that antigen 
retention, following a single ι a antigen injection, as 
determined by external counting was increased in 
HA-immumzed animals as compared with FCA-
immumzed rabbits This observation could apparently 
not be explained by differences in antibody titre 
between these groups One explanation may be that in 
the FCA-immumzed animals but not in FIA-
immumzed animals, antigen injection results in pro­
longed joint inflammation, resulting in a more effec­
tive removal of antigen-antibody complexes not 
tightly bound to articular collagenous tissues 
The percentage of antigen persisting after a second 
ι a injection in immunized animals was consistently 
higher than that after a paired first injection ofantigen 
into the contralateral knee-joint at the same time 
Since the protocol used in our studies per se excluded 
systemic factors as possible determinants of the differ­
ence in antigen retention observed this finding is 
entirely determined by local factors in the already 
inflamed joint Our data suggest that the phenomenon 
of increased antigen retention after a second ι a 
injection is at least in part dependent on the increased 
antibody-mediated antigen-binding capacity in joint 
structures This mechanism seems to be operative in 
the groups of animals that received the homologous 
antigen (BSA) at the first ι a injection after being 
immunized with FCA (group l)and FIA (group III) It 
is known from previous studies that long term antigen 
retention in joints of both F CA (Consden et al. 1971. 
Cooke ei al, 1972, Hollister & Manmk, 1974 Menard 
& Dion. 1976) and FIA (Consden et al, 1971, Fox & 
Glynn 1975 Menard & Dion. 1976) immunized 
animals is largely determined by the persistence of 
antigen in the form of immune complexes in articular 
collagenous tissues It is conceivable that, after excess 
antigen is cleared from the joint, these immune 
complexes are in antibody excess (Cooke et al 1972, 
Jasin. 1975) and the local production of specific 
antibodies in the synovium (Jasin & Ziff 1969, Cooke 
et al 1972) would add to this If new antigen then 
enters the joint the presence of many free antigen-
bmding sites results in enhanced binding and long-
term persistence of the antigen as shown in our 
studies This hypothesis is consistent with our m atro 
data, showing that trapping of BSA by BSA-induced 
arthritic joint structures was always greater than that 
by paned non arthritic joint structures of immunized 
animals and in addition mostly greater than by 
OA-mduced arthritic articular tissues (Table 4) 
Control experiments using doubly immunized ani­
mals and studying BSA retention in an OA induced 
joint inflammation suggest that local non-immune 
alterations in the joint also play a role in enhanced 
antigen retention Since after a second ι a injection the 
antigen persisted, as after a first injection, predo 
mmantly in the collagenous articular tissues, alte­
rations in these tissues seem to be important It is 
conceivable that, as a result of proteoglycan depletion 
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seen in arthrit ic cartilage (Fawns & I andells 1951 
M a r o u d a s & Muir 1970) antibodies and possibly 
immune complexes can more easily penetrate espe 
cially in superhcial layers of the cartilage Moreover 
collagen fibres may be denuded owing to proteogly 
can depletion and come within reach of and bind 
immune complexes a mechanism which has been 
suggested by electron microscopic observations 
(Ohno Tateishi & Cooke 1978a O h n o & Cooke 
l97Sb) On the other hand since we used doubly 
immunized animals induction of OA arthritis may 
result not only in local generation of synovial mem 
brane plasma cells manufacturing ami OA antibodies 
but also of plasma cells producing small but detinue 
amounts of anti ВЬА antibodies a mechanism dc 
scribed in comparable systems (Jasin & ZilT 1969) 
The resulting local increase in anti BSA antibodies 
could theoretically be responsible for the enhanced 
antigen retention although it seems unlikely that this 
is quantitatively an important mechanism 
In the initial phase after ι a antigen injection in 
FCA- but not FIA immunized rabbits antigen was 
more rapidly removed from the already inflamed joint 
than Irom the non inflamed contrai iterai knee Our 
interpretation of this phenomenon is that the already 
existing chronic inflammation in the secondarily in 
jected knee present in FCA but not in F I A 
immunized rabbits results initially in more rapid 
clearing of non tissue bound immune complexes and 
free antigen in this joint compared with the non 
inflamed knee In agreement with this hvpothesis 
earlier h u m a n studies have indicated that ι a injected 
proteins are more rapidly cleared from chronically 
inflamed joints (Ahlstrom Gedda & Hedberg 1956) 
In the chronic phase ofinflammation radioactivity was 
predominantly found in articular collagenous tissues 
and external counting values therefore predominantly 
reflect antigen retention within these tissues 
The p h e n o m e n o n of increased antigen retention 
may be relevant to the chronicity of joint infiamma 
tion Recent experimental data suggest that even long 
after induction ofant igen induced arthritis in rabbits 
syslemically given antigen results in an increase in 
antigen containing immune complexes in the articular 
collagenous tissues of the arthritic joint and in 
addition in a flare up of the arthritis (Maeda & 
Cooke 1979) Similarly induced flare ups of antigen-
induced arthritis (Kruijsen van den Berg van Beu-
sekom & van de Putte manuscript in preparat ion) and 
footpad inflammation (Tew Mandel & Rice 1980) 
have been demonstrated in mice Since similar 
mechanisms may be operative in human rheumatoid 
arthritis further study ofantigen handling in antigen 
induced arthritis may be important 
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ABSTRACT 
Antigen localization after ιntra-articui ar (ι a.) antigen injec­
tion was studied in immune and non-immune mice using autoradio­
graphic and immunofluorescence techniques on whole joint sec­
tions. After ι a. injection of radiolabel 1 ed methylated bovine 
serum albumin (125i-
m
BSA) in immune mice, labelling in the sy­
novium and synovial exudate diminished rapidly apart from some 
deposits in f ι bri η-11ke material present in the joint cavity. 
Long-term antigen retention was found in avascular and hypo-
vascular structures lining the joint cavity, albeit not along 
the whole surface, e.g labelling remained present at the edges 
of the femoral condyle hyaline cartilage but not at the central 
weight-bearing region, long-term retention at ligaments was on­
ly found at the insertion sites. Immunofluorescence data in im­
mune animals showed antigen retention together with the presence 
of immunoglobulins and complement, indicating that antigen is 
retained at least in part in the form of immune complexes Non­
immune mice showed even higher long-term antigen retention than 
immune animals, probably related to physicochemical properties 
of the antigen enabling non-immune binding to articular struc­
tures, but also indicating that the presence of joint inflamma­
tion in the immune animals enhances antigen clearance. Histolo­
gical examination of the ligaments and patellar cartilage of 
immune mice revealed that long-term antigen retention was not 
anatomically related to nearby inflammation or to local tissue 
damage The importance of long-term antigen retention for the 
c h r o m c i t y of arthritis may lie in the leakage of small amounts 
of this antigen to joint compartments where it behaves as an in­
flammatory stunulus .but it may also be that it renders the joint 
into a specifically hypersensitive area 
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INTRODUCTION 
Antigen-induced arthritis (AIA) has been widely used as a model 
for the study of human rheumatoid arthritis in view of its si­
milar h ι s topathol ogy and c h r o m c i t y (Dumonde and Glynn, 1962, 
Glynn, 1968, Steinberg, McCrae, Cohen and Schumacher, 1973, 
Gall and Gall, 1980). Studies on antigen handling in rabbit 
knee-joints have indicated that a small part of the arthritis-
inducing ιntra-articuiarly (i.a.) injected antigen is retained 
in the joint for at least several months (Consden, Doble, Glynn 
and Nind, 1971; Cooke, Hurd, Ziff and Jasin, 1972; Hollister and 
M a n m k , 1974), and it has been suggested that the c h r o m c i t y 
of AIA is caused by persistence of i.a. antigen (Consden et al , 
1971, Cooke et al , 1972). Studies on dissected joint structures 
have shown that retention of antigen, presumably in the form of 
immune complexes, takes place predominantly in the superficial 
layers of hyaline cartilage, menisci and ligaments, but not in 
the synovium ( Cooke et al., 1972). Since in these studies the 
joint structures had to be dissected, they gave no information 
on the exact anatomical localization of the antigen within the 
intact joint, subtle local differences in amount of antigen and 
relation between antigen localization and inflammation or tissue 
damage at various times after arthritis induction. 
The recent development of AIA in mice (Brackertz, Mitchell and 
Mackay, 1977, van den Berg, Kruijsen, van de Putte, van Beuse-
kom, van der Sluis-van der Pol and Zwarts, 1981) has made it 
possible to study morphologically the fate of ι a. injected an­
tigen, since it is technically possible to prepare autoradio-
graphs (van den Berg et al., 1981) and immunofluorescence 
stains (Rijntjes, van de Putte, van der Pol and Guelen, 1979) 
of whole-joint sections in these small animals With these 
techniques we studied the fate of i.a. injected antigen in both 
immune and non-immune mice. In addition, we investigated whether 
antigen injected into a joint with ongoing AIA is differently 
handled as compared with antigen after a first arthri ti s-i nduc-
inq i.a. injection. 
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MATERIALS AND METHODS 
Animals. Male C57B1 mice aged 6-8 weeks at the start of immuni­
zation were used 
Iodi nati on of anti gen . 125iodine labelling of mBSA (methylated 
bovine serum albumin) was performed by the chloramine Τ method 
(Hunter and Greenwood, 1962). l?5l-mBSA was separated from free 
iZSi by sephadex G25 fractionation. The specific activity was 
approximately 2 yCi/yg. 
Immunization and arthritis induction Mice were immunized with 
100 ug mBSA in 0.1 ml Freund's complete adjuvant emulsion on 
days 0 and 7 as previously described (van den Berg et al., 1981] 
On day 21, knee-joint arthritis was induced by intraarticular 
injection of 100 ug mBSA in 10 yl saline. 
Experimental design. Antigen elimination and retention was stu­
died in three experimental groups immune mice (I) non-immune 
mice (II) and arthritic mice (III). Group I was immunized with 
mBSA as described above, and arthritis was induced in both knee-
joints by i.a. injection of 100 ug 1 25¡_ mBSA (1 pCi). Group II 
consisted of non-immune mice aged 10-12 weeks, which likewise 
received 100 vg IZ^l-mBSH (1 pCi) in both knee-joints. Group 
III consisted of arthritic mice. If antigen handling by the 
joint is an important determinant of the course of c h r o m e ar-
thritis, then it is relevant to know how i.a. antigen is handled 
not only after a first arthritis-ιnducing injection but also 
after a second injection into an already chronically inflamed 
joint. In this group (III) unilateral arthritis was induced 
by ι a. injection of 100 ug mBSA into the right knee-joint 21 
days after immunization. Four weeks later both knee-joints 
were injected with 100 ug 1 2 5 I - m B S A (1 pCi). This protocol en­
sured that possible differences between antigen handling after 
a first as compared with a second injection could not be due to 
changed systemic immunity after the first injection, and there­
fore had to be related to local factors in the already inflamed 
joi nt 
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On various days (0-28 as indicated in the Results section) after 
i.a. injection of radiolabel 1 ed antigen, groups of mice were 
killed by ether anaesthesia The knee-joints were removed in to-
toandfixed in 4% phosphate-buffered formalin. Total tissue ra­
dioactivity of the knee was counted in a well-type scintilla­
tion counter and expressed as percentage of the initial count 
rate immediately after antigen injection. Values on various days 
were corrected for physical decay Thereafter the tissues were 
processed for histology and autoradiography (van den Berg et al., 
1981) 
Antigen localization by autoradiography Total knee sections 
(6 μ) were prepared and mounted on gelatin-coated slides. These 
were dipped in K5 emulsion (Ilford, Basildon, Essex, England) 
and exposed for 1-6 weeks After this period the slides were 
developed and stained with haematoxylm and eosin. 
Immunofluorescence. Another series of mice, as described in 
groupsl and II under experimental design,were injected with 
unlabelled mBSA into both knee-joints, and series of 3 mice 
were killed on various days after i.a antigen injection. The 
knee-joints were removed in toto and rapidly frozen to the 
wall of a test tube by immersion in liquid nitrogen. Six μ 
sections of the undecal ei f ι ed whole knee-joints were prepared 
as described before (Rijntjes et al., 1979). The sections 
were analysed for the presence of IgG, IgM and complement, using 
the following f 1uorescein-conjugated antisera Goat anti-mouse 
IgG and Goat anti-mouse IgM (Meloy Laboratories, Springfield 
Virgima),and Goat anti-mouse C3 (USB Cleveland, Ohio). Detec­
tion of antigen was performed with an Ig fraction of a Rabbit an-
ti-mBSA antiserum This was prepared in rabbits by immuniza­
tion with 1 mg mBSA in Freund's complete adjuvant followed by 
boosting two times with 1 mg mBSA in Freund's incomplete ad­
juvant Swine anti-rabbit Ig-FITC (Cappel Laboratories, Cochran-
ville, USA) was used as a second layer. 
Appropriate controls included exposure of the sections to non-
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immune sera, omission of the first layer, and analysis of non-
injected control joints. As a positive control for complement 
staining, arthritic joints isolated 2 days after zymosan injec-
tion were used, since zymosan is known to be a potent comple-
ment activator. These joints were also used as negative but in-
flamed controls for the specificity of the fluorescence found 
with the anti-mBSA serum in the mBSA-induced arthritic joints. 
No staining was found with this antiserum in the zymosan joints. 
RESULTS 
Autoradiographic studies. Immune and non-immune mice were injec-
ted i ntra-arti cui arly (i.a.) with 125i-i abened mBSA, and auto-
radiographs of whole joint sections were prepared on various 
days after injection. In immune animals, shortly after injec-
tion (2 hours) the antigen was localized predominantly in the 
synovial cavity, along the whole surface of its lining struc-
tures such as hyaline carti1 age ,menisci, ligaments and synovial 
lining cells, but not in the subsynovial tissue. On day 2, pro-
nounced exudation in the joint space and infiltration of the 
synovium was seen. Antigen could only be sparcely detected in 
the subsynovial tissue but was clearly present in the exudate, 
the synovial lining cells and at the surface of avascular and 
hypovascular structures (table I ) . On day 4, labelling in the 
exudate diminished clearly except for some deposits in fibrin-
like material, localized mostly in relatively cell-free areas 
(fig. 1 ) . From day 7 on, antigen was found only sporadically 
in the exudate but remained in the avascular and hypovascular 
structures, be it not always along the whole surface (see 
be!ow). 
In the non-immune animals slight signs of inflammation develop-
ed on day 2, with some exudate cells in the synovial cavity. 
Localization of antigen at that time was not different from 
that seen in the immune animals. On day 7 and later on, signs 
of inflammation were no longer present. On day 7 antigen was 
clearly located at the surface of avascular and hypovascular 
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1 2 5l-retention ( % of the initial count rate)· 
100-
10--
1--
0.1 H h 
10 14 28 
days after intra-articular injection 
Figure 0. Radioaotivity measurements of dis seated knee-
joints on various days after i.a. injection 
of 100 ]ig 125I-mBSA (1 \іСъ) into both knee-
joints of immune (в—в) and non-immune (o o) 
mice. Values are expressed as percentage of 
the initial count rate immediately after in­
jection. Each value represents the mean +_ SD 
calculated from 6 knee-joints in groups of 
3 mice. 
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1 2 5l-retention ( % of the initial count rate) 
100--
10--
1 -
0.1 H — h 
-+- •+- -+-2 4 7 10 14 
days after intra-articular injection 
28 
Figure 4. RadioacLivity measurements of dissected knee-
joints various days after i.a. injection of 
100 \ig l2SI-mBSA (1 рСг') into the right (o o) 
and left (Φ—Φ) knee-joints of immune mice with 
a 4-week history of mBSA-induced arthritis in 
the right knee-joint. Values are expressed as 
percentage of the initial count rate immediate­
ly after injection. Each value represents the 
mean + SD calculated from groups of 5 mice. 
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T a b l e I Ayitije> 1 оааігга t ¡,οη on varioi-s days after i.a. 
zajectbon of 1^^I-mBSA ъп гттип& mice. 
S y n o v i a l c a v i t y + + 
days after arthritis induction 
2 4 7 10 14 28 
* + + - - -
Synovial lining cells + + 
Subsynovial tissue + + 
Hyaline cartilage + + 
and m e m sci 
Ligaments + + 
* Relative score of antigen localization, only to compare 
relative labelling of different areas on one particular 
day. 
Values are based on examination of autoradiographs of 6 
knee-joints for each time interval. 
structures (fig. 2) but was also still present at the synovial 
lining cells. The extent and intensity of the labelling in the 
non-immune animals exceeded that seen in the immune mice, es­
pecially at sites showing overgrowth with granulation tissue 
in the latter animals, e.g. at ligaments and marginal zones 
of cartilage structures. This difference between immune and 
non-immune animals remained present until the end of the period 
studied and was demonstrated once more by external radioacti­
vity measurements of dissected knee-joints (fig 3 ) . 
Immunofluorescence. Immunofluorescence was performed with a rab­
bit anti-mBSA antiserum on fresh frozen tissue sections. Addi­
tional sections were stained for the presence of immunoglobu­
lins and complement In immune animals the localization of 
mBSA followed the patterns found with autoradiography. The im-
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munofluorescence technique proved to be less sensitive than auto-
radiography, for after day 10 positive cartilage staining for 
mBSA was found only sporadically. IgM staining was strong in the 
exudate and in the cartilage surface from day 2 and remained po-
sitive in the cartilage until day 28. IgG was present in the 
cartilage surface on day 2, increasing in intensity until day 
7 and remaining high until the end of the period studied. Com-
plement staining was faint but unequivocally present in the car-
tilage and followed the patterns found for antigen and immuno-
globulins, indicating the presence of immune complexes. In con-
trast to the immune animals, in the non-immune animals antigen 
was detectable until day 28, reflecting the higher retention of 
antigen in the latter group (fig. 3 ) . IgM and IgG staining was 
faint, not exceeding the staining found for control cartilage 
of uninjected mice. Complement staining was always negative. 
Handling of i.a. antigen injected into chronically inflamed 
joints. Fig. 4 shows that antigen is more rapidly cleared af-
ter a second injection of antigen into the inflamed knee-joint 
than after a first injection of antigen into the contralateral 
knee-joint of the same animal. Histological sections showed 
more pronounced inflammation on days 2 and 4 in the twice in-
jected joint than in the contralateral joint. Thereafter, in-
flammatory scores were equal or even higher in the contrala-
teral knee-joints. Autoradiographs showed labelling patterns re-
sembling those described for a first injection. However, the dis-
appearance of activity from the synovial cavity was extremely 
rapid in the twice injected knee-joint as compared with the 
contralateral once injected knee-joint. Moreover, the labelling 
of cartilage structures on day 2, and accordingly at later 
stages, seemed relatively low as compared with the contralate-
ral joint. Finally labelling at ligaments was already clearly 
decreased as compared with the contralateral knee on day 2, due 
to the extremely rapid clearance from sites showing overgrowth 
with chronic granulation tissue. 
Long-term antigen retention at special sites within the joint. 
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As mentioned before, antigen remained in the avascular and hypo-
vascular structures but not always along the whole surface. There 
are sites of predilection for antigen persistence in the joint, 
which are consistently found in all experimental groups studied 
Labelling is clearly present at the edges of the medial or la­
teral femoral condyles, as illustrated in fig. 5, but not in the 
central weight-bearing region. Fig. 6 demonstrates the variable 
labelling in frontal semi-serial sections taken from the patel­
la and the opposite femoral cartilage. Labelling of the patellar 
cartilage becomes more pronounced in the later sections, where­
as the reverse applies to the opposite cartilage. 
Labelling remained present especially at the insertion sites of 
the ligaments, as shown for a collateral ligament and an intra­
articular ligament (fig 7 ) . 
Antigen retention, local inflammation and tissue damage Histo­
logical examination of the ligaments on days 14 and 28 after ar­
thritis induction revealed no signs of nearby inflammation or 
tissue damage at sites of long-term antigen retention (see above). 
On days 14 and 28 the presence of synovial exudate cells in the 
joint cavity diminished, enabling examination of possible at­
tachment of inflammatory cells to antigen-contaimng cartilage 
structures Preferential attachment of granulocytes or mononu­
clear cells was not observed at sites with local antigen reten­
tion. Earlier observations revealed that immune arthritis induces 
local chondrocyte death (van den Berg et al., 1981). Areas with 
dead chondrocytes were sometimes found associated with retained 
antigen, but the opposite situation, ι e. antigen retention 
without nearby chondrocyte death or just antigen absence in 
areas with chondrocyte death, was most frequently observed. 
DISCUSSION 
Our data indicate that, in immune mice, there is rapid disap­
pearance of ιntra-articui ar (ι.a.) antigen from the synovial 
exudate and synovial lining and somewhat retarded clearance of 
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antigen trapped in fibrin-like material in the joint cavity. Long-
term antigen retention was found in avascular and hypovascular 
structures of the joint, albeit not along the whole surface. The 
extent of elimination and retention seems to be modulated by the 
presence and severity of joint inflammation. Antigen persistence 
was not anatomically related either to local inflammation or 
to local tissue damage. 
The overall picture of antigen localization after i.a. antigen 
injection is the resultant of forces leading to its retention, 
predominantly in avascular and hypovascular structures, and 
forces aimed at elimination of the antigen. Shortly after i.a. 
injection in immune animals, antigen is found in the synovial 
exudate and the synovial lining cells but not in the synovium, 
which probably indicates extremely rapid antigen clearance from 
this tissue. Elimination of mBSA from the joint cavity is en-
hanced by the presence of inflammatory cells which phagocytose 
and remove the antigenic material· Our observations in three 
experimental groups, i.e. non-immune animals in which antigen 
did not cause inflammation, immune animals in which antigen 
caused arthritis, and immune animals with an already existing 
arthritis in which antigen injected for a second time caused 
extremely severe arthritis, indicated most rapid elimination of 
antigen in the last group,with the most severe joint inflamma-
tion, whereas antigen clearance was slowest from the non-in-
flamed joints of the first group. 
Long-term retention of mBSA in avascular and hypovascular struc-
tures of the mouse joint may be determined by several factors. 
Both in-vitro.and in-vivo experiments (Jasin, 1975; Teuscher and 
Donaldson, 1979) have shown that antibodies are able to pene-
trate the superficial layers of cartilage, permitting antigen 
to be trapped by immune complex formation within the cartilage. 
Our immunofluorescence data indicate that, in immune mice, this 
mechanism is operative. However it seems likely from our studies 
that antibody-mediated trapping is not the sole determinant of 
long-term retention. Physicochemical properties of mBSA seem 
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to be important, since the kinetics of this antigen differ pro­
foundly from those of the much more hydrophilic BSA BSA is eli­
minated more rapidly from knee-joints of non-immune than from 
those of immune rabbits (van Beusekom, van de Putte, van den 
Berg and van den Вгоек, 1981), whereas the reverse applies to 
mBSA in mice The importance of non-immune binding of mBSA to 
avascular articular surfaces is furthermore suggested by the 
relatively weak binding of injected antigen at cartilage sur­
faces of already chronically inflamed joints. Cartilage in 
these joints is depleted of proteoglycans (van den Berg et al., 
1981) which may interfere with the physιcochemicai interaction 
with mBSA. 
An interesting finding is the variable retention of antigen at 
different anatomical sites. Long-term antigen retention was 
never found at cartilage -cartilage interaction sites, e g the 
weight bearing regions of the condyles, but was clearly present 
at non-weight bearing regions such as the edges of the condyles. 
A similar situation may exist at the patel 1 ofemoral site. Anti­
gen retention was predominantly found at the upper part of the 
patella. The absence of antigen at contact areas may be related 
to physicochemical properties of the cartilage at these sites, 
or simply to mechanical forces pushing the antigen away Antigen 
elimination or retention at ligaments depends on whether chronic 
granulation tissue develops on these structures or not Antigen 
retention at ligaments is most pronounced in non-immune animals 
showing no signs of inflammation After arthritis induction in 
the immune animals, long-term antigen retention was found at 
the insertion sites which remain free of nearby inflammation, 
but not at the sites with pannus-like overgrowth 
The consequences of maintaining small quantities of antigen 
in immune animals for long periods of time are not clear. Re­
tention in the joint has been postulated as a mechanism under­
lying the apparent c h r o m c i t y of inflammation after a single 
ι a. injoction in immune animals. A prerequisite for this con­
cept is that the retained material is still immunoreactive 
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antigen. This was demonstrated for BSA retained in arthritic rab-
bit knee-joints (Cooke and Jasin, 1972; Jasin and Cooke, 1978) 
and also for HSA retained at immunization sites in mouse foot-
pads (Tew, Mandel and Rice, 1980). Our data indicate that an-
tigenic material is retained at special sites of the avascular 
and hypovascular structures of the joint in immune mice, but 
does not cause inflammation or tissue damage at these sites. 
One possibility relevant to the chromcity of joint inflamma-
tion may be the leakage of small amounts of this antigen to 
other compartments of the joints, where it behaves as an in-
flammatory stimulus, thus sustaining a low grade of c h r o m e 
joint inflammation In addition, this antigen may render the 
joint specifically hypersensitive to antigen. Such a phenomenon 
was recently demonstrated at immunization sites in mouse foot-
pads (Tew et al, 1980), and recent experiments in our laborato-
ry demonstrated that small amounts of antigen given in the cir-
culation of mice with umlateral chronic arthritis induce exa-
cerbation of the arthritis, whereas the contralateral knee-
joint does not react to this antigenic stimulus. Exacerbations 
due to local hypersensitivity to circulating antigens may play 
an important role in the chromcity of diseases such as rheu-
matoid arthriti s. 
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Figure 1. Autoradiograph of synovial exudate on day 4 after i.a. 
injeation of 1^5j-mBSA in immune mice. Labelling re-
presents antigen trapped in fibrin-like material whiah 
is relatively cell-free. 
Figure 2. Autoradiograph of a collateral ligament on day 7 after 
i.a. injection of 125I-mBSA in non-immune mice. Label-
ling is present at the whole surface of the ligament. 
Note the absence of inflammation. 
Figure 5. Autoradiograph of a femoral condyle which shows per-
sistence of labelling at the edges and absence of 
labelling in the central region. Note also the label-
ling of the meniscal cartilage. 
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Figure 5 
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Figure в. Autoradiographs of the patella (P) and the opposite 
femoral cartilage (F) on day 14 after injection of 
1¿Sj-mHSA in immune mice. The frontal semi-serial 
sections (а,Ь,с) show more intense labelling of the 
patella in the late sections, whereas the reverse is 
true for the femoral cartilage. 
Figure 7. Autoradiograph of a collateral (a) and intra-articular 
(b) ligament on day 28 after i.a. injeetion of Í25j_ 
mBSA in immune mice. Labelling is still present pre-
sent at the insertion sites. 
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Figure вЪ 
Figure 7a 
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ABSTRACT 
Data are summarized indicating that the degree and duration 
of antigen induced arthritis (AIA) influence handling of intra-
articular (i a.) antigen. Long-term antigen retention was less 
in chronic as compared with transient joint inflammation, where-
as i.a. antigen was cleared more rapidly from the joint in se-
vere than in moderate AIA. In addition, the presence of ungoing 
AIA enhances initial elimination of i.a. injected antigen from 
the joint. 
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INTRODUCTION 
Since its first description by Dumonde and Glynn (Dumonde and 
Glynn, 1962), anti gen-1nduced arthritis (AIA) has been widely 
used as a model for the study of human rheumatoid arthritis in 
view of similar hi s topathol ogi cal features and its c h r o m c i t y . 
This type of experimental joint inflammation is induced by intra­
articular (i.a.) injection of a sufficient amount of antigen in­
to knee-joints of adequately immunized animals, resulting ini­
tially in acute arthritis, which thereafter becomes c h r o m e 
Earlier studies have suggested that a minimal dose of i.a. an­
tigen is required for arthritis induction (Gonsden, Doble, Glynn 
and Nind, 1971), but dose-response studies have not been repor­
ted, probably due to methodological difficulties in quantitation 
of joint inflammation. For the joint inflammation to become chro­
m e , g o o d delayed-type hypersensitivity to the antigen is essen­
tial (Glynn, 1968, Goldberg, Lance and Davis, 1974; Menard and 
Dion, 1975), and it has been suggested that, the better the cell-
mediated immunity, the less i.a. antigen is needed for arthritis 
induction and vice versa (Page-Thomas, 1977) Studies on handling 
of ι a. antigen in the joint of rabbits with AIA have indicated 
prolonged retention of antigen, probably due to trapping of an­
tigen by antibodies present in the avascular and hypovascular 
collagenous tissues of the joint (Cooke, Hurd, Ziff and Jasin, 
1972b, Hollister and M a n m k , 197 4 ) , and this phenomenon has been 
held responsible for the c h r o m c i t y of AIA (Consden et al., 1971; 
Cooke and Jasin, 1972a, Hollister and M a n m k , 1974). Studies in 
our laboratory demonstrated the localization of antigen in AIA at 
various times after arthritis ιnduction(van den Berg,van Beuse^om, 
van de Putte,Zwarts and van der SI ui s .manuseript in preparation). 
We used the mouse model described by Brackertz et al (Brackertz, 
Mitchell and Mackay, 1977 ) , since this permitted the preparation 
of whole joint sections. Autoradiographs were obtained after ar­
thritis induction with 125i-label 1 ed antigen. In the early phase 
of joint inflammation the antigen was present both in the avas­
cular articular tissues and in the inflammatory exudate, fibrin 
clots and infiltrate. Later on, the antigen was predominantly 
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found in the avascular joint structures. These data suggest that 
elimination of i.a. antigen in AIA may be influenced by the de-
gree of the inflammatory response, which determines the intensi-
ty of vascular phenomena and the number of phagocytic cells lo-
cally available for ingestion, degradation and elimination of an-
ti gen-contai m ng immune complexes. In recent studies on AIA in 
rabbits we obtained data consistent with this hypothesis. We de-
termined the severity of joint inflammation by 99mTechnetium up-
take measurements (van Beusekom, van den Broek, van de Putte, 
Buijs and van den Berg, 1981) and the fate of 125i-iabel 1 ed i.a. 
antigen by regular external radioactivity measurements (van Beu-
sekom, van de Putte, van den Berg, van den Broek and Buijs, 1981). 
The data suggest that the inflammatory response influences elimi-
nation of i.a. antigen and also long-term retention. 
Handling of i.a. antigen in immune and non-immune animals 
125 IQJ-I ne-l abel 1 ed bovine serum albumin (1"I-BSA) retention was 
studied in rabbits immunized with the antigen in Freund's com-
plete adjuvant (FCA) or Freund's incomplete adjuvant (FIA), and 
in addition in non-immune rabbits. All animals received an uni-
lateral i.a. injection of 2.5 mg ^ S J - B S A , resulting in c h r o m e 
arthritis in the FCA-immumzed rabbits and short-lasting mild 
arthritis in the FIA-immumzed group. The non-immune group showed 
no signs of joint inflammation. The 125] retention curve obtained 
in the FCA-immumzed animals (Fig. 1) is almost identical with 
that obtained by Cooke and Jasin (Cooke and Jasin, 1972a) in si-
milar experiments However, their curve obtained in non-immune 
animals is different from ours in that they observed an initial 
slower decrease of radioactivity in this group as compared with 
the FCA-immumzed group The explanation of this difference may 
be that only in non-immune animals there is a high "background" 
of circulating radioactivity until the development of the humo-
ral immune response. When measurements were not corrected for 
this background, we obtained essentially the same curve as Cooke 
and Jasin. Correction resulted in the curve shown in fig. 1. An-
other interesting finding was that retention of radioactivity 
after 3 weeks was significantly greater in the FIA-immuni zed than 
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1 2 6 I - r e t e n l i o n (% of t h e i n i t i a l c o u n t rate ) 
100 
2 0 2 5 3 0 3 5 АО 
d a y s after i n t r a - a r t i c u l a r i n j e c t i o n 
Figure 1. External radioactivity measurements of J^üI at various 
days after ¡.a. injections of P.Б my 'J~¡-'I-Bí'A (8 \iCi) 
into one 'knee-joint of 12 rabbits immur.ized with ESA in 
FCA (closed circles),6 rabbits immunized with BSA in 
ΓΙΑ (open circles) and 2 non-immune rabbits (open tri­
angles). The values are correo ted for background acti­
vity and physical decay. Vertical bars indicate S.E.M. 
Significant differences in the percentual retention 
of 1¿Í>I between the FIA- and FCA-immunized groups are 
indicated with * symbols (% ρ < 0.05; *X ρ < 0.01). 
in FCA-immunized rabbits (Fig. 1 ) . Serum antibody titres in these 
animals did not differ from those in the FCA-immunized group. 
Since persistent joint inflammation, present in the FCA-immuni­
zed group and absent in the FI Α-immuni zed animals, was the only 
difference, the lower retention of radioactivity in the chroni­
cally inflamed joints may be due to the inflammatory process it­
self. 
Elimination of i.a. antigen and severity of arthritis 
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1 3 5 I - r e t e n t i o n (% of the in i t ia l count rate) -
IOD-
IO 15 20 2 5 3 0 
d a y s after mi ra -ar t i cu la r i n jec t i on 
Figure 2. External radioactivity measurements of 125j
 a^ various 
days after i.a. injeation of 2.5 mg '•2^I-BSA (8 iiCi ) 
into the right knee (open airóles) and 0.5 mg ^"^I-BSA 
(ulosed circles) into the left knee in 4 rabbits immu-
nized with BSA in FCA. Significant differences of the 
paired radioactivi ty measurements, expressed as per-
centage of the initial count rate, are indicated with 
X symbols (* ρ < 0.05; ** ρ < 0.01; *Ж* ρ < 0.005; 
**Χ*-ρ < 0.001). All values are corrected for physical 
decay. Vertical bars indicate S.E.M. 
We recently studied the inflammatory response induced by i.a. in­
jection of 2.5 and 0.5 mg of BSA into the paired knee-joints of 
rabbits immunized with BSA in FCA (van Beusekom, van de Putte, 
van den Berg and van den Broek, in press). Quantitation of joint 
inflammation by 9 9 m 7
e c
h
n e
t i u m pertechnetate uptake measurements 
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(van Beusekom et al., 1981) indicated the presence of more severe 
arthritis in the 2.5 mg BSA-mjected than in the paired 0.5 mg 
BSA-injected knee, both in the early and in the late phase of AIA. 
When the joints were injected with 1 2 5 I - B S A , external radioacti­
vity measurements showed enhanced disappearance of radioactivi­
ty from the 2.5 mg 1 2 5I -BSA-chal1enged knee-joints between day 2 
and day 7, resulting in a lower percentual retention of the dose 
injected than in the 0.5 mg-injected knee-joint (Fig. 2 ) . From 
day 7 on, 125i retention curves almost parallelled each other, 
probably reflecting antigen tightly bound to dense collagenous 
articular tissues in both knee-joints The above data were taken 
to indicate that handling of i.a antigen depends in part on the 
severity of joint inflammation Differences between right and 
left knees occurred between day 2 and day 7, when the larger part 
of the ι a. antigen is not tightly bound to avascular joint struc­
tures (Consden et al , 1971, Cooke and Jasin, 1972a, Cooke et 
al., 1972b) and therefore easily eliminated by the inflammatory 
process 
The effect of previous joint inflammation on antigen handling 
In a series of experiments we studied the effect of previous joint 
inflammation on antigen handling (van Beusekom et al., 1981). To 
this end the fate of a second i.a. injected dose of BSA in alrea­
dy established BSA-induced knee-joint inflammation was compared 
with that of a paired first arthritis-inducing injection of the 
same dose of BSA into the contralateral knee of immunized rabbits. 
External counting of i.a 1"I-BSA indicated more rapid antigen 
elimination but approximately two-fold increased long-term re­
tention of BSA after a second ι a. injection as compared with the 
first one This di fference in antigen retention values obtained by 
external counting was confirmed by direct counting of articular 
structures after dissection and was shown to reflect, at least 
in the c h r o m e phase of inflammation, antigen retained predomi­
nantly in the avascular and dense collagenous tissues of the 
joint. Since the protocol used in these studies per se excluded 
systemic factors as possible determinants of the difference in 
antigen retention observed, local alterations in the already in-
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flamed joint had caused this difference. Control experiments stu­
dying the effect of previous ovalbumin (OA)-induced arthritis on 
handling of subsequently i.a injected BSA in 0A- and BSA-immu-
nized rabbits showed a similar more rapid initial elimination of 
BSA, indicating that the phenomenon depends largely on non-speci­
fic inflammatory changes in the joint. Only approximately 1 35-
fold increased long-term retention of BSA occurred in the OA-ar-
thritic joint as compared with a first injection of BSA into the 
non-inflamed contralateral joint This indicates that long-term 
antigen retention in avascular and hypovascular joint structures 
is determined by specific immune factors (antibodies in these 
structures) and also by factors related to c h r o m e inflammation 
itself It was concluded from these studies that local altera­
tions in an immune-1 nduced chronically inflamed joint increase 
its antigen-binding capacity, a mechanism of possible relevance 
to the chronic course and the occurrence of exacerbation which 
characterizes some forms of human arthritis. 
Inflammation and antigen handling 
The above data indicate that several factors influence antigen 
handling in AIA. The amount of ι a antigen present in the joint 
at any time after i.a. injection is clearly the resultant of two 
processes, ι e. elimination and retention of antigen. In the 
first week after ι a. antigen injection retarded antigen elimi­
nation was seen in the immune rabbits as compared with the non­
immune rabbits in agreement with the study of Consden et al. 
(Gonsden et al., 1971). Our data suggest that , in immune ani­
mals, the degree and type of inflammation play an important role 
in antigen elimination. Initial antigen elimination was increa­
sed in severe AIA as compared with moderate AIA (van Beusekom 
et al., in press) and percentual antigen retention was greater 
in FIA-immumzed than in FCA-immuni zed animals (Fig. 1 ) . In 
addition, antigen was more rapidly eliminated from joints 
with already existing c h r o m e joint inflammation (van Beuse­
kom et al., 1981). Long-term antigen retention largely 
depends on the persistence of antigen in the form of im­
mune complexes in avascular and hypovascular articular 
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structures (Cooke et al., 1972b, H o T M s t e r and Mannik, 1974). 
These immune complexes are probably in antibody excess (Cooke et 
al., 1972b, Jasin, 1975), for local production of specific anti-
body in the inflamed synovium has been demonstrated in AIA (Cooke 
and Jasin, 1972a, Jasin and Ziff, 1969). This would result in a 
local increase in antigen binding sites, a hypothesis consistent 
with our observation that a greater percentual retention of the 
homologous antigen can be demonstrated in joints with already 
existing AIA (van Beusekom et al., 1981). Unexpectedly we found 
that non-immune local factors related to c h r o m e joint inflamma-
tion per se also lead to a moderate increase in antigen retention 
in the joint. These data indicate that several factors should be 
taken into account when studying antigen handling in AIA. These 
factors include the severity and duration of joint inflammation, 
which determine antigen elimination, and local alterations in a-
vascular and hypovascular structures which influence antigen re-
tention. Since AIA shares a number of immunopathologica1 simila-
rities with human rheumatoid arthritis, these observations may be 
of relevance to the latter disease. 
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SUMMARY 
Antigen-induced arthritis (AIA) is a form of experimental arthri-
tis induced by a single intra-articui ar (i.a) injection of a 
sufficient amount of antigen in properly immunized animals. It 
is characterized by an initial Arthus type inflammation, fol-
lowed by a chronic inflammation. AIA has been widely used as a 
model for human rheumatoid arthritis ( R A ) , not only for its chro-
nicity, but also for its histopathological and immunopathologi-
cal similarities with the latter disease. This thesis is con-
cerned with several aspects of handling of i.a. antigen and 
joint inflammation, since it has been suggested that the for-
mer may determine the severity and chronicity of AIA. 
The first part of the thesis discusses the development of a ra-
dio-isotope method to detect and quantitate knee-joint inflamma-
tion in rabbits. We applied the 9" mTechnetium-pertechnetate 
(99mj co^) uptake method, which has been used successfully in 
clinical rheumatology, to the rabbit knee-joint (Chapter I I ) . 
Several factors proved to be important to ensure reproducible 
measurements, including an appropriate cast for knee-joint fixa-
tion, centering of the collimators on the patella and expression 
of the 99m7 co^ uptake value as counts per minute per uCi ^^mTcO^' 
injected. Measurements in non-inflamed rabbit knee-joints showed 
that both age and weight of the animals influence 9 9 m T c 0 4 uptake 
values: values decreased with increasing weight and age up to 3 
months. The difference between paired measurements of both knees 
(R-L difference) was not influenced by these factors and proved 
to be the most·accurate measure of unilateral joint inflammation. 
In the early phase of unilateral AIA, characterized by an acute 
type inflammation, there was a particularly close correlation 
between R-L difference values and clinical inflammation scores. 
Data obtained in the chronic phase of AIA suggest that R-L dif-
ference measurement provide a more sensitive measure of inflam-
mation than clinical inflammation scores, which have been used 
in earlier studies. 
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Chapter III describes studies on the kinetics of ^ЩсОц' in in­
flamed and non-inflamed rabbit knee-joints, as determined by con­
secutive external countings of the radioactivity of the radio­
isotope over the knee-joints after intravenous injection. In both 
inflamed and non-inflamed joints, a rapid increase in radioactivi­
ty was followed by plateau values persisting at least one hour. 
The time needed to attain 95 per cent of the plateau count rate 
(tp) was significantly increased in inflamed as compared with 
non-inflamed knee-joints. Moreover, tp values were significantly 
higher in acutely than in chronically inflamed joints. No cor­
relation was demonstrable between 9 9 m T c 0 4 uptake and tp values. 
The study of the kinetics of 9 9 m T c 0 4 - in the rabbit knee-joint 
thus provides information additional to quantitation of inflam­
mation by 55iï,Tc04 uptake measurements, for kinetic data charac-
terize the type of joint inflammation. The hypothesis is advan-
ced that the abovementioned increase in tp value reflects inter-
stitial oedema and synovial fluid exudate, being most pronounced 
in the acute phase of AIA. 
Using the 9 9 m T c 0 4 uptake method we studied the inflammatory re-
sponse induced by i.a. injection of 2.5 and 0.5 mg 1251 -1 abel 1 ed 
bovine serum albumin (125i-BSA) into paired knee-joints of rab-
bits immunized with BSA in Freund's complete adjuvant (Chapter 
IV). This protocol was chosen to eliminate the marked interin-
dividual differences in immune and possibly inflammatory respon-
siveness in this outbred species. Significantly more severe ar-
thritis was seen in the 2.5 mg BSA-injected than in the paired 
0.5 mg BSA-injected knee, both in the early and in the late 
phase of AIA. These data indicate that the severity of both the 
early and late phase of AIA is, in part, dependent on the dose 
of i.a. antigen. 
The second part of the thesis discusses the fate of i.a. antigen 
in AIA. In Chapter IV, the handling of the abovementioned diffe-
rent doses of antigen was determined by means of regular exter-
nal countings of the radiolabelled i.a. antigen. The measure-
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ments showed enhanced percentage disappearance of radioactivity 
from the 2 5 mg 125і-в$А challenged knee-joint, resulting in 
lower percentage retention of the dose injected than in the 0.5 
mg-injected knee-joint. However, the calculated absolute amount 
of long-term retained BSA in the 2 5 mg BSA-injected knee, 4 
weeks after ι a. injection, was still about 2.8 times the quan­
tity of BSA retained in the 0 5 mg BSA-injected paired knee-
joint. These data suggest that handling of i.a antigen depends 
in part on the severity of joint inflammation. 
Chapter V discusses the fate of a second i.a. injected dose of 
BSA in an already established BSA-induced knee-joint inflamma­
tion as compared with a paired first arthritis inducing injec­
tion of the same dose of BSA into the contralateral knee of im­
munized rabbits External counting of i.a. radiolabel 1 ed BSA 
indicated more rapid initial elimination but an approximately 
two-fold increase in long-term retention of BSA after a second 
i.a. injection as compared with a first one Direct counting 
of dissected joint structures confirmed these data and locali­
zed the retained BSA predominantly in hyaline articular carti­
lage, menisci and ligaments, both after a first and after a se­
cond injection. Since the protocol used in these studies per se 
excluded systemic factors as possible determinants of the dif­
ference in antigen retention observed, local alterations in the 
already inflamed joint must have caused this difference. Control 
studies indicated that both humoral immune factors and non-spe­
cific inflammatory changes within the chronically inflamed joint 
determine the phenomenon. Local alterations in an immune-induced 
chronically inflamed joint increase its antigen-binding capacity, 
a mechanism of possible relevance to the c h r o m e course and the 
occurrence of exacerbations characteristic of some forms of human 
arthriti s 
Chapter VI reports on morphological studies of the fate of anti­
gen after an arthritis-inducing i.a. injection. In these studies 
we used the AIA model in mice, since in these small animals it 
is technically possible to prepare whole knee-joint sections 
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for autoradiography and immunofluorescence techniques used for 
localization of antigen in the joint. Our data indicate that, 
in immune mice, there is a rapid disappearance of i.a antigen 
from the synovial exudate and synovium and a somewhat retarded 
clearance of antigen trapped in fibrin-like material in the 
joint cavity. Long-term antigen retention was found in avascu­
lar and hypovascular structures of the joint, albeit not along 
the entire surface. Antigen retention seems to depend, at least 
partly, on antigen trapping in the form of immune complexes in a-
vascular and hypovascular articular structures. Physicochemical 
properties of methylated BSA (obligatory for the AIA induction 
in m i c e ) , which differ from those of BSA, probably also play a 
role The extent of elimination and retention seems to be modu­
lated by the presence and severity of joint inflammation. There 
was no consistent anatomical relationship between antigen per­
sistence and inflammation or tissue damage. However, persistence 
of antigen in the joint may be important for the c h r o m c i t y of 
AIA in the following ways there may be leakage of small amounts 
of the antigen to other compartments of the joint, where it be­
haves as an inflammatory stimulus, thus sustaining a low grade 
c h r o m e joint inflammation. In addition, the antigen may render 
the joint specifically hypersensitive to antigens, as suggested 
by the observation that small amounts of the antigen given sys-
temically induce exacerbation of AIA in its c h r o m e phase. 
Chapter VII summarizes data indicating that the degree and du­
ration of AIA influence the handling of i.a. antigen. Long-term 
retention was less in c h r o m e than in transient joint inflamma­
tion, and i.a. antigen was cleared more rapidly from the joint 
in severe than in moderate AIA. In addition,the presence of on­
going AIA enhances initial elimination of ι a. injected antigen 
from the joint. Thus, antigen handling by the joint may influ­
ence the severity and c h r o m c i t y of joint inflammation, while 
joint inflammation itself influences antigen handling Since 
AIA shows a number of immunopathological similarities with human 
RA, these observations may be of relevance to the latter disease. 
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SAMENVATTING 
Anti gen-Tnduced arthritis (AIA) is een experimentele gewrichts-
ontsteking die wordt veroorzaakt door een eenmalige injectie 
van een voldoende hoeveelheid antigen in het kmegewricht van 
op de juiste wijze geïmmuniseerde dieren. Deze gewrichtsont-
steking wordt gekenmerkt door een acute ontsteking (Arthus-
type) gedurende de eerste dagen na injectie in het gewricht, 
overgaand in een chronische gewrichtsontsteking. AIA is m e t 
alleen vanwege zijn chronische beloop op grote schaal als 
"diermodel" van reumatoide arthritis (RA) gebruikt, maar ook 
vanwege duidelijke overeenkomsten in de histologische en im-
munopathologisehe afwijkingen in het gewricht. 
Dit proefschrift houdt zich bezig met verschillende aspecten 
van gewrichtsontsteking van AIA en datgene wat er gebeurt met 
het in het gewricht geïnjecteerde antigeen, omdat verondersteld 
wordt dat dosering en kinetiek van dit antigeen zowel de ernst 
als het chronische beloop van AIA (mede )bepaalt. 
Het eerste gedeelte van het proefschrift betreft de ontwikke-
ling van een meetmethode met een radio-aetieve isotoop, met het 
doel een ontsteking van het kniegewricht van het konijn vast 
te stellen en te kwantificeren. Daartoe hebben we de 99mj e ch. 
neti um-pertechnetate (У^ЩсОц) uptake methode, die met succes 
wordt gebruikt in de klinische reumatologie, toepasbaar ge­
maakt voor de k o m j n e n k m e (Hoofdstuk II). Verschillende fak-
toren bleken van belang om reproduceerbare metingen te ver­
krijgen, zoals een mal O P de knieën te fixeren, het precies 
instellen van de collimatoren boven de knieschijf en het uit-
drukken van de У^ЩеОц uptake-waarde in counts per minuut per 
uCi ingespoten ЭЭттсОд -. De meetresultaten van met-ontstoken 
kmegewrichten van konijnen lieten zien dat zowel de leeftijd 
als het gewricht van i nvloed was op de 99ттс04 uptake-waarden: 
de waarden daalden met stijgend gewicht en toenemende leeftijd 
tot de leeftijd van 3 maanden. Het verschil tussen gepaarde 
metingen van de beide knieën (R-L difference) werd m e t beTn-
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vloed door deze faktoren en was de betrouwbaarste maat voor 
een eenzijdige gewrichtsontsteking. In de vroege fase van een-
zijdige AIA, n.l. de fase van een acute ontsteking, bestond 
een nauwe correlatie tussen R-L di f ference-waarden en klinische 
ontstekingsscore. De resultaten verkregen in de chronische fase 
van AIA suggereren dat de R-L difference meting een gevoeliger 
maat voor ontsteking is dan klinische ontstekingsscores, ge-
bruikt in voorgaande studies. 
Hoofdstuk III beschrijft studies betreffende de kinetiek van 
" m j c o ^ - in ontstoken en niet-ontstoken kniegewrichten van ko-
nijnen, bepaald door middel van opeenvolgende uitwenige tel-
lingen van de radio-actieve straling boven de kniegewrichten, 
in aansluiting op intraveneuze toediening van het radio-
actieve isotoop. Zowel de ontstoken als de niet-ontstoken 
gewrichten tonen een snelle stijging van de radio-activiteit 
gevolgd door plateau-waarden, die tenminste een uur constant 
blijven. De tijd nodig om 95 procent van de plateau count rate 
(tp) te bereiken was in de ontstoken kniegewrichten significant 
toegenomen in vergelijking met de niet-ontstoken kniegewrich-
ten. Bovendien waren de tp-waarden van de acuut ontstoken ge-
wrichten significant hoger dan van de chronisch ontstoken ge-
wrichten. Er was geen correlatie aantoonbaar tussen ^^mJcO^ 
uptake-waarden en tp-waarden. Het bestuderen van de kinetiek 
van 99mjcoZ)- -j n ¿
е
 konijnenknie geeft inzicht in de ontstekings­
fase van AIA. De hypothese wordt gesteld dat toename van de tp-
waarde in de acute fase van AIA een uiting is van interstitieel 
oedeem en exsudaat in het gewricht: beide zijn het meest dui­
delijk aanwezig tijdens de acute fase van AIA. 
Gebruikmakend van de " m T c 0 4 uptake-methode bestudeerden wij 
de ontstekingsreaktie veroorzaakt door de intra-articui ai re 
(i.a.) injectie met 2 verschillende doses antigeen. Tegelijker­
tijd werd 2.5 en 0.5 mg bovien serum albumine gemerkt met 
125,iodium (125I-BSA) in de gepaarde kniegewrichten van konijnen 
geïnjecteerd, die tevoren met dit antigeen geïmmuniseerd waren 
met behulp van intracutane injecties van BSA in Freund's com-
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píete adjuvant (Hoofdstuk IV). Deze proefopstelling werd gekozen 
om de invloed van ιnter-indivi duel e verschillen in immuniteit 
en mogelijke verschillen in ontstekingsreaktivi tei t in deze 
m et-1ngeteelde diersoort uit te sluiten. Zowel in de vroege 
als in de latere fase van AIA was een significant ernstiger 
gewrichtsontsteking vast te stellen in de met 2.5 mq BSA dan in 
de gepaarde met 0.5 mg BSA-geinjecteerde knie. Deze resultaten 
geven aan dat de ernst van zowel de vroege als de late fase van 
AIA, afhankelijk is van de dosis ι.a.-anti geen . 
Het tweede gedeelte van het proefschrift bespreekt de kinetiek 
van i.a. geïnjecteerd antigeen in AIA. In hoofdstuk IV werd de 
kinetiek van de bovengenoemde verschillende doses antigeen be-
paald door middel van uitwendige telling van het met 125jodium 
gemerkte ι.a.-anti geen. Deze metingen toonden een toegenomen per­
centueel verdwijnen van de radio-activi teit uit de met 2.5 mg 
1 2 5 I - B S A geïnjecteerde knie, welke aanleiding gaf tot een la-
gere percentuele retentie van de ingespoten dosis antigeen 
dan in de met 0.5 mg geïnjecteerde knie. De berekende absolute 
hoeveelheid BSA in de met 2.5 mg BSA geïnjecteerde knie was 
echter 4 weken na ι.a.-injectie nog ongeveer 2.8 maal de hoeveel­
heid BSA, geretineerd in de met 0.5 mg BSA geïnjecteerde knie. 
Deze resultaten doen veronderstellen dat de kinetiek van i.a.-
antigeen tenminste voor een gedeelte afhankelijk is van de 
ernst van de gewrichtsontsteking. 
Hoofdstuk V handelt over de kinetiek van ι.a.-geïnjecteerd BSA 
in een reeds bestaande door BSA veroorzaakte k m e g e w n chtsont-
steking die wordt vergeleken met die van een zelfde, tegelijker-
tijd i.a. geïnjecteerde , dosis BSA in de contra-laterale, nog 
m e t ontstoken, knie van geïmmuniseerde konijnen. De uitwendige 
telling van ι.a.- 1 2 5 I - B S A in de reeds ontstoken knie toonde 
initieel een sneller verdwijnen, doch op langere termijn een 
duidelijk toegenomen retentie van het antigeen. Directe meting 
van de radio-activi teit gebonden aan gewrichtsstructuren gepre­
pareerd uit het k m e g e w n cht, bevestigde deze waarneming en 
toonde dat radio-activi teit vooral wordt geretineerd in het 
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hyalien kraakbeen,meni sci en ligamenten. Doordat het gevolgde pro-
tocol zelf algemene faktoren als mogelijke oorzaak van de gevon-
den verschillen in antigeen-retentie uitsloot, moesten lokale 
veranderingen in het reeds ontstoken kniegewricht hiervoor ver-
antwoordelijk worden gesteld. Controle-onderzoekingen leidden 
tot de conclusie dat zowel humorale immuunfaktoren als niet 
immuun-specifieke veranderingen t.g.v. de ontsteking in het 
chronisch ontstoken gewricht dit fenomeen bepalen. Lokale ver-
anderingen in het gewricht, ten gevolge van AIA zijn derhalve 
verantwoordelijk voor de toegenomen capaciteit om antigeen te 
retiñeren. Dit mechanisme speelt mogelijk een rol in het chro-
nisch beloop en het vóórkomen van exacerbaties van een gewrichts-
ontsteking, zoals gezien wordt bij sommige vormen van aewrichts-
ontsteking bij de mens. 
Hoofdstuk VI beschrijft morfologische aspecten van de kinetiek 
van antigeen na een i.a.-injektie, die aanleiding geeft tot een 
gewrichtsontsteking. In deze onderzoeken hebben we gebruik ge-
maakt van het AIA-model in muizen, omdat het bij deze kleine 
diersoort technisch mogelijk is om hele gewrichtscoupes te 
vervaardigen, geschikt voor autoradiografie en immunof1uores-
centie,welke gebruikelijke technieken zijn om o.a. antigeen 
te lokaliseren. Onze gegevens lieten zien dat zich in deze geïm-
muniseerde muizen een snel.verdwijnen van het i.a.-anti geen uit 
het synoviale exsudaat en synovium voordoet, en een enigszins 
vertraagd klaren van antigeen gevangen in f i brine-achtig mate-
riaal, aanwezi g in de gewrichtsholte. De antigeen-retentie op 
lange termijn werd aangetroffen in structuren van het gewricht 
welke geen of weinig bloedvaten bevatten. Antigeen-retentie 
lijkt tenminste gedeeltelijk, afhankelijk te zijn van het 
vasthouden van antigeen in de vorm van immuuncomplexen in voor-
noemde gewrichtsstructuren. Bovendien spelen fysicochemisehe 
eigenschappen van gemethyleerd BSA (noodzakelijk voor de AIA-
inductie bij muizen) die zich onderscheiden van die van BSA, 
waarschijnlijk ook een rol. De mate van verdwijnen en uitein-
delijke retentie lijkt te worden beïnvloed door de aanwezig-
heid en de mate van de gewrichtsontsteking. Geen duidelijke 
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anatomische relatie bestond er tussen de ρ 
werd vastgehouden en de plaats van ontsteki 
diging. Het aanwezig blijven van antigeen i 
evenwel van belang zijn voor het chronische 
wel op de volgende wijze: de mogelijkheid i 
ne hoeveelheden antigeen continue afgegeven 
gewrichtscompartimenten, waar ze een ontste 
en aldus een chronische ontsteking handhave 
het antigeen het gewricht in een toestand ν 
gevoeligheid voor dit antigeen houden, zoal 
door de waarneming dat kleine hoeveelheden 
toegediend, een exacerbatie van AIA in zijn 
nen geven. 
laats waar anti geen 
ng of weef sel bescha-
n het gewricht kan 
beloop van AIA, en 
s aanwezi g dat klei -
worden aan andere 
kingsprikkel vormen 
η . Bovendi en kan 
an specifieke over-
s wordt gesuggereerd 
antigeen, intraveneus 
chronische fase kun-
Hoofdstuk VII plaatst de resultaten bij elkaar, die aangeven dat 
de ernst en duur van AIA de kinetiek van antigeen in AIA beïn-
vloedt. De antigeen-retentie op lange termijn was minder in chro-
nische dan in voorbijgaande gewrichtsontsteking, en i.a.-anti-
geen werd sneller geklaard uit het gewricht met een ernstige 
dan uit het gewricht met een minder ernstige AIA. Bovendien 
versnelt de aanwezigheid van een tevoren geïnduceerde AIA het 
vroege verdwijnen van i . a. -anti geen uit het gewricht. Het lijkt 
dus zo te zijn, dat enerzijds de dosis en kinetiek van i.a. 
antigeen de ernst en chroniciteit van AIA bepaalt, terwijl ander-
zijds de gewrichtsontsteking zelf de kinetiek van i.a. antigeen 
beïnvloedt. Daar AIA een aantal overeenkomsten vertoont met RA 
kunnen deze waarnemingen van belang zijn voor RA. 
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De mogelijkheid om met behulp van de 9 9 mTechnetium-pertechnetate 
uptake methode de mate van ontsteking te quantiteren vormt een 
belangrijke aanwinst voor de bestudering van experimentele chro-
nische arthritis. 
II 
De vorm van de curve, verkregen door continue registratie van 
de radioactiviteit boven een ontstoken kniegewricht, na intra-
veneuze 39m-pec|ine^1· un) -pertechnetaat toediening geeft informa-
tie over de fase van een gewrichtsontsteking. 
III 
De mate van gewrichtsontstekinq van Antigen-Induced Arthritis 
is ondermeer afhankelijk van de dosis intra-articulair geïnjec-
teerd anti geen. 
IV 
De eliminatie van in het gewricht geïnjecteerd antigeen is deels 
afhankelijk van de ernst van de gewrichtsontsteking. 
V 
Verhoogde langdurige antigeenretentie na hernieuwde injectie 
van dit antigeen in een gewricht met een reeds bestaande Antigen-
Induced Arthritis berust deels op immuunspecifieke faktoren. 
VI 
Een sterke vertraagd type overgevoeligheid is een absoluut ver-
eiste voor het ontstaan van een chronisch verlopende Antigen-
Induced Arthritis. 
Glynn, Ann.Rheum.Dis. (1968) 27: 105. 
VII 
De dood van chondrocyten in een gewricht met een Anti gen-Induced 
Arthritis draagt in belangrijke mate bij tot de uiteindelijke 
kraakbeenschade. 
v.d. Berg et al. Br.J.Exp.Path . (1981) 62: 38. 
VIII 
Het nut van HLA-D typering bij patiënten met reumatoide arthri-
tis voor het selecteren van patiënten met een verhoogd risico 
op bijwerkingen op "second line drugs", staat onvoldoende vast. 
Wooley et al. N. Engl.J.Med . (1980) 303: 300. 
Speerstra et al. In preparation. 
IX 
De reumatologie beleeft momenteel een HLA-Eriebnis. 
Begrip voor een reumapat i ent die voor een alternatieve behande-
ling kiest, betekent geenszins het onderschrijven van deze the-
rapie. 
XI 
De recente beslissing van staatssecretaris Lambers-Hacquebard 
van Volksgezondheid en Milieuhygiëne om het jodiumgehalte in 
het keukenzout en het dagelijks brood te verhogen, zal niet 
alleen de harten van endocrinol ogen sneller doen kloppen. 
XII 
De verandering van bestaande namen van bacterieën in het streven 
naar een betere classificatie, zal de clinicus eerder verwarrend 
dan verhelderend voorkomen. 
Paterson and Sommers, J.Infeet.Di s . (1981) 144:85. 
XIII 
Het 1, 25-cli hydroxychol ecal ci f eroi , veelvuldig toegepast bij de 
behandeling van renale osteodystrofi e, is zeker niet het enig 
actieve en waarschijnlijk ook niet de meest belangrijke vita­
mine D metaboliet ten aanzien van de botmineralisatie. 
Bordier et al. J.Cl i η.Endocrinol.Metab. (1978) 46: 284. 
XIV 
Immunologische karakterisering van de leukaemische cellen draagt 
in hoge mate bij tot het vaststellen van de aard en type van de 
leukaemie en haar prognose. 
Mertelsman et al. Blood (1980) 56: 773 
van der Reyden et al. In press. 
XV 
Het is uiterst onwaarschijnlijk dat na staken van een behandeling 
met tamoxifen bij patiënten met een gemetastaseerd mammacarci-
noom een ontrekkingsremissie optreedt. 
Beex et al. N. Engl.J.Med. (1 etter)(1981) 304: 1041. 
XVI 
Voor een windsurfer lijkt alsnog het bezit van een rijbewijs en 
een zwemdiploma belangrijker dan de kennis van het vaarreglement. 
H. J . van Beusekom Nijmegen, 5 februari 1981 



